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Description 

TECHNICAL FIELD 

[0001 ] The present invention relates to a data record- 5 
ing/reproducing method, a data reproducing apparatus 
and a recording medium for use with an optical disk drive 
or the like, for example. 

BACKGROUND ART 

[0002] A magneto-optical disk, a phase-change type 
optical disk, a write-once disk and a read-only optical 
disk are proposed as optical disks. These optical disks 
are roughly classified as writable disk and read-only 
disk. 

[0003] If a defective sector is detected from a magne- 
to-optical disk serving as a rewritable disk by a disk-cer- 
tify executed when the magneto-optical disk is manu- 
factured, then a sector following the defective sector is 
used as a replacement sector, which information is re- 
corded on a predetermined area of the magneto-optical 
disk. Upon reproduction, the replacement sector of the 
defective sector is used. If a defective sector occurs af- 
ter the magneto-optical disk has been shipped, then a 
replacement sector of the defective sector is set in a re- 
gion exclusively used by the replacement sector of the 
defective sector. Data that should be recorded on the 
defective sector is recorded on the replacement sector, 
which information is recorded on a predetermined area 
of the magneto-optical disk. 

[0004] Data cannot be recorded on the read-only op- 
tical disk by an optical disk drive. As is well known, when 
the read-only optical disk is manufactured, data is re- 
corded on the read-only optical disk. After the read-only 
optical disk has been shipped, data that had been re- 
corded when the read-only optical disk is manufactured 
can be read out. 

[0005] If data is recorded on the magneto-optical disk 
by the optical disk drive or data is recorded on the read- 
only optical disk when the read-only optical disk is man- 
ufactured, parity-check codes for error-correction and 
parity-check codes such as error-checking CRC (cyclic 
redundancy check) codes are added to data. Therefore, 
upon reproduction, regardless of the magneto-optical 
disk and the read-only optical disk, reproduced data is 
error-checked and error-corrected by the parity-check 
code. 

[0006] A known parity-check code forms a Reed- 
Solomon code. The Reed-Solomon code is n-symbol 
code where a parity-check code is added to k-symbol 
data where one symbol is formed of 8 bits and the data 
Is formed of k symbols. An error-correcting capability of 
an error-correcting code is expressed by minimum dis- 
tance. 

[0007] When one symbol is one bit, for example, n 
symbols are expressed by n bits so that binary data se- 
quences that the n symbols can take are expressed by 



2 n . On the other hand, since 2 k data except the parity- 
check codes are required, 2 k data sequences are taken 
out from the2 n data sequences. When arbitrary two data 
sequences have different bits of d bits therebetween, d 
means a distance. Then, a minimum value which results 
from similarly calculating distances with respect to all 2 k 
data sequences is referred to as a minimum distance. 
This "minimum distance" will hereinafter be referred to 
as "distance" for the sake of simplicity. 
[0008] In general, a distance d of the error-correcting 
code for error-correcting t1 errors should satisfy the fol- 
lowing equation (1): 

d > 2t1 + 1 (1) 

[0009] When the distance d is 1 7, for example, t1 be- 
comes 8. That is, errors up to 8 symbols can be correct- 
ed. 

[0010] The above-mentioned parity-check code has 
not only the error-correcting capability but also error-de- 
tecting capability. If the number of errors that can be de- 
tected by the error-detecting capability is taken as t2, 
then the error-detection number t2 is expressed by the 
following equation (2): 

t2 = d-(2t1 +1)(butt2>0) (2) 

[0011] If the distance d, for example, is 17, then the 
error-correction number t1 and the error-detection 
number t2 can be expressed by the following table 1 . 



TABLE 1 



symbols to be corrected 


t1 


t2 


0 symbol 


t1 =0 


t2= 16 


1 symbol 


t1 = 1 


t2= 14 


2 symbols 


t1 =2 


t2= 12 


3 symbols 


t1 =3 


t2= 10 


4 symbols 


t1 =4 


t2 = 8 


5 symbols 


t1 =5 


t2 = 6 


6 symbols 


t1 =6 


t2 = 4 


7symbols 


t1 = 7 


t2 = 2 


8 symbols 


t1 =8 


t2 = 0 



Study of the table 1 shows that when 8 symbols are cor- 
rected, the error-detected number is "0". Therefore, if 
errors of 9 symbols or greater occur, there is then the 
risk that errors cannot be detected correctly. According- 
ly, if the distance d is set to a large value, the number of 
errors that can be corrected is increased and the error- 
detecting capability also can be maintained. The Reed- 
Solomon code thus arranged is often referred to as a (n, 
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k, d) LDC (long distance code) because it has relatively 
large distance d. 

[0012] In the magneto-optical disk and the read-only 
disk, if data is recorded thereon after the above-men- 
tioned Reed-Solomon code has been arranged, then 5 
upon reproduction, random errors and burst errors of 
lengths corresponding to the value of the distance d, the 
error-corrected number t1 and the error-detected 
number t2 can be corrected. 

[0013] As is clear from the above equation 1, when 
the distance d, for example, is 17, the number of errors 
that can be corrected is 8 at maximum. As a conse- 
quence, if burst error wherein 9 data or greater become 
erroneous consecutively occurs, such burst error can- 
not be corrected and erroneous data is used as it is. 
[0014] In the rewritable disk such as the magneto-op- 
tical disk, if a defective sector is detected, then data is 
recorded on a replacement sector by replacement so 
that data can constantly be reproduced satisfactorily. 
Furthermore, to solve the problem of burst error, a par- 
ity-check code sector is provided over one or a plurality 
of circumferences of the disk and data which result from 
calculating data of other sectors of one or a plurality of 
circumferences of the disk in an exclusive-OR fashion 
are recorded on the parity-check code sector as the par- 
ity-check code. Then, when a burst error occurs, data 
with such burst error can be corrected on the basis of 
the parity-check code read out from the parity-check 
code sector. 

[0015] However, when the method using the replace- 
ment is used, the replacement decreases a processing 
speed. A low processing speed causes a trouble partic- 
ularly when data such as moving image data that should 
be processed in real time is handled. Moreover, when 
the error-correcting method using the parity-check code 
sector is used, if a burst error occurs, then data that has 
been recorded on the area is read out one more time. 
Then, data has to be error-corrected by use of the data, 
which is read out one more time, and the parity-check 
code data. As a result, if the burst error occurs, there is 
then the problem that a time consumed when errors are 
corrected will be extended. 

[001 6] On the other hand, in the read-only optical disk, 
the above-mentioned replacement cannot be executed 
so that, when large errors such as burst errors occur, 
such large errors have to be corrected by only previous- 
ly-recorded error-correcting codes. Therefore, the dis- 
tance d should be set to a large value or errors should 
be corrected by the parity-check code sectors. However, 
a redundancy of code increases as the distance d in- 
creases. As a consequence, a processing time is ex- 
tended and a recording capacity for recording data is 
lessened by an amount corresponding to the increase 
of redundancy. Furthermore, when the method for cor- 
recting errors by use of parity-check code sectors is 
used, if burst errors occur, data of all sectors recorded 
on the area have to be reproduced one more time and 
burst errors have to be corrected by use of the data re- 



produced one more time and the data used as parity- 
check codes recorded on the parity-check code sectors. 
Therefore, when burst errors occur, it takes a lot of time 
to correct the burst errors. 

[001 7] A method and apparatus for transmitting digital 
data, in which the informatiom integrity is maintained by 
generating data by using a first and a second crossin- 
terleaved Reed-Salomon code, a third Reed-Salomon 
code and a cyclic redundancy check code, is known 
from US-A-4680764. The data generated are error cor- 
rected and transmitted through an existing digital audio 
equipment. Furthermore, a method to eliminate a sector 
which cannot be recovered and obtain an optical disk 
exclusively for reproduction with an improved yield by 
allowing a parity sector to be adjacent to data sector oth- 
er than the corresponding data sector is described in 
JP-A-4159661. 

[0018] It is an object of the present invention to pro- 
vide a data recording method, a data reproducing meth- 
od, a data reproducing apparatus and a recording me- 
dium wherein, even when burst errors occur, processing 
can be carried out efficiently and data can satisfactorily 
be reproduced without decreasing a data storage ca- 
pacity. 

DISCLOSURE OF THE INVENTION 

[0019] This object is achieved by a data recording 
method, a data reproducing method, a data reproducing 
apparatus and a recording medium according to the en- 
closed independent claims. Advantageous features of 
the present invention are defined in the corresponding 
subclaims. 

BRIEF DESCRIPTION OF DRAWINGS 
[0020] 

FIG. 1 is a block diagram showing an optical disk 
drive; 

FIG. 2 is a block diagram showing a drive controller 
show in FIG. 1 ; 

FIG. 3 is a block diagram showing a controller of the 
optical disk drive shown in FIG. 1 ; 
FIG. 4 is an explanatory diagram showing an optical 
disk format; 

FIG. 5 is an explanatory table showing sizes of re- 
gions of the optical disk shown in FIG. 4 and data 
clock frequencies used in the respective regions; 
. FIGS. 6A, 6B, 6C are explanatory diagrams show- 
ing sector formats of optical disk; 
FIG. 7 is a diagram used to explain a manner in 
which parity-check codes used as 2nd ECC in the 
8-line pattern of an optical disk (read-only disk and 
disk with readable regions) are recorded on other 
sectors; 

FIG. 8 is a diagram used to explain a specific region 
of a sector in the 8-line pattern of an optical disk 
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(read-only disk and disk with readable regions); 
FIG. 9 is a table used to explain a manner in which 
parity-check codes used as 2nd ECC in the 8-line 
pattern of the optical disk (recordable disk or disk 
with recordable regions) are added to data; 
FIGS. 1 0 to 1 2 are flowchart used to explain a man- 
ner in which the optical disk drive process data upon 
reproduction; 

FIG. 1 3 is a table used to explain a man ner in which 
parity-check codes used as 2nd ECC in the 7-line 
8-line 7-line pattern of the optical disk (recordable 
disk or disk with recordable regions) are added to 
data. 

BEST MODE CARRYING OUT THE INVENTION 

[0021] Initially, an outline of the present invention will 
be described. 

[0022] A data recording method according to the 
present invention comprises a step (a) of generating a 
first error-correcting code with respect to a series of data 
of a predetermined amount, a step (b) of generating a 
second error-correcting code with a series of data of a 
predetermined amount, a step (c) of generating data of 
respective units by adding the first error-correcting code 
of the predetermined amount from which the first error- 
correcting code is generated, adding the second error- 
correcting code of the predetermined amount the data 
of the predetermined amount from which the second er- 
ror-correcting code is generated and by adding the sec- 
ond error-correcting code to data of the predetermined 
amount other than the data of the predetermined 
amount from which the second error-correcting code is 
generated, and a step (d) of recording the data of the 
respective recording units on a recording medium. 
Therefore, upon reproduction, a series of data of the 
predetermined amount are corrected by use of the first 
error-correcting code. Also, a series of data of the pre- 
determined amount can be corrected by the second er- 
ror-correcting code added to the data other than a series 
of data of the predetermined amount. Thus, even when 
a burst error occurs, the processing can be carried out 
efficiently and data can be reproduced satisfactorily 
without reducing a data recording capacity. 
[0023] In the step (d), data of second recording unit 
wherein the second error-correcting code concerning 
the data of the predetermined amount contained in the 
data of a first recording unit is contained is recorded on 
a recording position next to the recording position at 
which the data of the first recording unit is recorded. 
Therefore, the data of the first recording unit can be cor- 
rected by the second error-correcting code generated 
with respect to the data of the first recording unit record- 
ed on the recording position of the recording position of 
the data of the first recording unit. Thus, the data can 
be protected from the burst error highly reliably. 
[0024] In the step (c), the data of the recording unit 
are generated by adding identification data to the sec- 



ond error-correcting code concerning last data of the 
predetermined amount in a series of a plurality of data 
of the predetermined amount as data of the predeter- 
mined amount, thereby making it possible to recognize 
s the last data of the predetermined amount in a series of 
a plurality of data of the predetermined amount. Thus, 
a proper processing can be effected on the last data of 
the predetermined amount. 

[0025] In the step (d), identification data are added to 
10 the leading data of the predetermined amount in a series 
of a plurality of data of the predetermined amount as the 
second error-correcting code, thereby making it possi- 
ble to recognize the leading data of the predetermined 
data in a series of a plurality of data of the predetermined 
is amount. Therefore, a proper processing can be effected 
on the leading data of the predetermined amount in a 
series of a plurality of data of the predetermined amount. 
[0026] The data recording method according to the 
present invention further includes a step of generating 
20 error-check codes. In the step (c), the data of the record- 
ing units are generated by adding the error-check code 
to relating data of the predetermined amount. Therefore, 
upon reproduction, errors can be checked and the error- 
detecting capability can be improved. 
25 [0027] According to the present invention, upon re- 
cording, with respect to a first rewritable recording me- 
dium, a first error-correcting code is generated with re- 
spect to a series of data of a predetermined amount, a 
second error-correcting code is generated with respect 
30 to a series of data of the predetermined amount, and 
recording data of respective recording units are gener- 
ated by adding the first error-correcting code to relating 
data of the predetermined amount and by adding the 
second error-correcting code to data of the predeter- 
35 mined amount other than the data of the predetermined 
amount relating to the second error-correcting code. 
The data of the respective recording units are recorded 
on a recording medium. With respect to a second re- 
cording medium that cannot be rewritten, the first error- 
40 correcting code is generated with respect to a series of 
data of predetermined amount, the second error-cor- 
recting code is generated with respect to a series of data 
of the predetermined amount, and the data of the re- 
spective recording units are generated by adding the 
15 first and second error-correcting codes to relating data 
of the predetermined amount. Then, the data of the re- 
spective recording units are recorded on the recording 
medium. Thus, upon reproduction, not only the first er- 
ror-correcting code but also the second error-correcting 
so code can be used. Also, it becomes possible to improve 
a processing speed when errors are corrected. 
Therefore, the error-correcting capability can be en- 
hance and the access speed can be increased. 
[0028] in a step (a), data of a certain recording unit is 
55 reproduced from a recording medium with data of re- 
spective recording units recorded therein, the data of re- 
spective recording units are generated by adding the 
first error-correcting code generated with respect to a 



25 



4 



7 



EP 0 729 150 B1 



8 



series of data of a predetermined amount to the data of 
the predetermined amount from which the first error-cor- 
recting code is generated and by adding the second er- 
ror-correcting code generated with respect to a series 
of data of the predetermined amount to data other than 5 
the data of the predetermined amount from which the 
second error-correcting code is generated. In a step (b), 
it is determined on the basis of the first error-correcting 
code contained in the reproduced data of the recording 
unit whether or not errors can be detected and correct- 
ed. In a step (c), if errors can be detected and corrected, 
then the errors can be detected and corrected. In a step 
(d), if the errors cannot be detected and corrected, then 
erasure information is generated on the basis of the sec- 
ond error-correcting code corresponding to the data of 
a certain recording unit reproduced from the recording 
unit wherein the second error-correcting code concern- 
ing the data of a certain recording unit is included. In a 
step (e), the data of a certain recording unit is erased 
and corrected by use of the erasure information and the 
first error-correcting code. Therefore, even when errors 
exceeding the error-correcting capability of the first er- 
ror-correcting code occur, the erasure information is ob- 
tained by use of the second error-correcting code and 
the errors can be erased and corrected by the erasure 
information and the first error-correcting code. Thus, 
without increasing the distance, the error-correcting ca- 
pability can be enhanced and the processing speed of 
the error correction can be improved. 
[0029] Further, an error-detecting code concerning 
data contained in the recording unit is added to the data 
of the respective recording units. In a step (f), the data 
detected and corrected at the step (c) is error-checked 
on the basis of the error-detecting code of the recording 
unit. Thus, the data can be error-checked upon repro- 
duction. Therefore, the error-detecting capability can be 
improved. 

[0030] If errors are detected at the step (f), then the 
processing proceeds to step (d), whereby the process- 
ing based on the step (d) can be executed. Therefore, 
the processing for erasure and correction is carried out. 
As a result, the errors can be erased and corrected at 
the step (e) and the error-correcting capability can be 
improved much more. 

[0031] An error-detecting code for the data contained 
in the recording unit is added to the data of the recording 
unit. In a step (g), the data that has been erased and 
corrected at the step (e) is error-checked on the basis 
of the error-detecting code of the recording unit, thereby 
making it possible to error-check the erased and cor- 
rected data. Therefore, the error-detecting capability 
can be improved much more. 

[0032] In the step (d), the data of the recording unit is 
reproduced from the recording unit which contains the 
second error-correcting code corresponding to the data 
of a certain recording unit. The reproduced data of the 
recording unit is error-checked by the error-detecting 
code contained in the reproduced data of the recording 



unit. If errors are not detected by the error-detecting 
code, then erasure information for the data of a certain 
recording unit is generated by the second error-correct- 
ing code corresponding to the data of a certain recording 
unit. Thus, when errors are not detected, data can be 
erased and corrected by the second error-correcting 
code. Therefore, with the short distance, a higher error- 
correcting capability can be realized. 
[0033] Further, the present invention comprises re- 
producing means for reproducing data at the recording 
unit from a recording medium with data of respective re- 
cording units being recorded therein, the data of respec- 
tive recording units being generated by adding first er- 
ror-correcting code generated with respect to a series 
of data of a predetermined amount to the data of the 
predetermined amount from which the first error-cor- 
recting code are generated and by adding second error- 
correcting code generated with respect to a series of da- 
ta of the predetermined amount to the data of the pre- 
determined amount other than the data of the predeter- 
mined amount from which the second error-correcting 
code is generated, and error-correcting means for de- 
tecting on the basis of the first error-correcting code con- 
tained in the reproduced data of the recording unit 
whether or not errors can be detected and corrected, 
detecting and correcting the errors if the errors can be 
detected and corrected, generating erasure information 
on the basis of the second error-correcting code corre- 
sponding to the data of a certain recording unit repro- 
duced from the reco rding unit which contains the second 
error-correcting code corresponding to the data of a cer- 
tain recording unit if the errors cannot be detected and 
corrected, and erasing and correcting the data of a cer- 
tain recording unit by the erasure information and the 
first error-correcting code. With the above arrangement, 
upon reproduction, if errors cannot be detected and cor- 
rected, the errors can be erased and corrected by use 
of the second error-correcting code. Therefore, without 
lowering the access speed, the error-correcting capabil- 
ity can be improved. 

[0034] Error-detecting codes for data contained in the 
recording unit are further added to the data of the re- 
cording unit. The error-correcting means error-checks 
the detected and corrected data on the basis of the er- 
ror-detecting codes of the recording unit, thereby mak- 
ing it possible to error-check the detected and corrected 
data. Therefore, the error-detection capability can be 
improved much more. 

[0035] When errors are detected by the error-check- 
ing, the error-correcting means generates erasure infor- 
mation on the basis of the second error-correcting code 
corresponding to the data of a certain recording unit re- 
produced from the recording unit which contains the 
second error-correcting code corresponding to the data 
of a certain recording unit and erases and corrects the 
data of a certain recording unit by use of the erasure 
information and the first error-correcting code. Thus, 
even when errors exceeding the error-correcting capa- 
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bility of the first error-correcting code occur, the errors 
can be erased and corrected by use of the erasure in- 
formation obtained from the second error-correcting 
code. Therefore, without extending the distance, the er- 
ror-correction capability can be improved. 5 
[0036] The error-detecting codes for the data con- 
tained in the recording unit are added to the data of the 
recording unit. The error-correcting means error-checks 
the erased and corrected data on the basis of the error- 
detecting codes of the recording unit, thereby making it 
possible to error-check the erased and corrected data. 
Thus, the error-correction capability can be improved. 
[0037] If errors cannot be detected and corrected, the 
error-correcting means error-checks the data of the re- 
cording unit reproduced from the recording unit which 
contains the second error-correcting code correspond- 
ing to the data of a certain recording unit by the error- 
detecting codes contained in the reproduced data of the 
recording unit. If errors cannot be detected by the error- 
detecting codes, then the error-correcting means gen- 
erates erasure information for the data of a certain re- 
cording unit on the basis of the second error-correcting 
code corresponding to the data of a certain recording 
unit, thereby making it possible to erase and correct er- 
rors by use of the erasure information and the first error- 
correcting code. Therefore, without increasing the dis- 
tance, the error-correcting capability can be improved 
much more. 

[0038] A read-only recording medium is used. Since 
the read-only recording medium does not need to re- 
place a defective sector, it is possible to improve a 
processing time required when errors are corrected by 
adding the second error-correcting code to other record- 
ing unit. 

[0039] Further, the present invention comprises iden- 
tifying means for identifying a first recording medium 
with data of respective recording units recorded therein, 
the data of respective recording units being generated 
by adding a first error-correcting code generated with 
respect to a series of data of a predetermined amount 
to data of the predetermined amount from which the first 
error-correcting code is generated and by adding a sec- 
ond error-correcting code generated with respect to the 
series of data of the predetermined amount to data of 
the predetermined amount other than data of the prede- 
termined amount from which the second error-correct- 
ing code is generated and a second recording medium 
with data of respective recording units recorded therein, 
the data of respective recording units being generated 
by adding a first error-correcting code generated with 
respect to a series of data of a predetermined amount 
and the second error-correcting code generated with re- 
spect to a series of data of the predetermined amount 
to the data of the predetermined amount from which the 
first and second error-correcting codes are generated, 
reproducing means for reproducing data from the first 
and second recording mediums at the recording unit, 
and error-correcting means for detecting on the basis of 



the first error-correcting code contained in the repro- 
duced data of the recording unit whether or not errors 
can be detected and corrected, detecting and correcting 
the errors if the errors can be detected and corrected, 
generating erasure information on the basis of the sec- 
ond error-correcting code corresponding to the data of 
a certain recording unit reproduced from the recording 
unit which contains the second error-correcting code 
corresponding to the data of acertain recording unit, and 
erasing and correcting the data of a certain recording 
unit by use of the erasure information and the first error- 
correcting code if the errors cannot be detected and cor- 
rected when the identifying means identifies a recording 
medium as said first recording medium, and for detect- 
ing on the basis of the first error-correcting code con- 
tained in the reproduced data of the recording unit 
whether or not errors can be detected and corrected, 
detecting and correcting the errors if the errors can be 
detected and corrected, generating erasure information 
on the basis of the second error-correcting code con- 
tained in the data of a certain recording unit if the errors 
cannot be detected and corrected, and erasing and cor- 
recting the data of a certain recording unit by use of the 
erasure information and the first error-correcting code if 
the identifying means identifies a recording medium as 
the second recording medium. According to the above 
arrangement, if the errors cannot be detected and cor- 
rected by the first error-correcting code, the erasure in- 
formation is obtained by the second error-correcting 
code and the data can be erased and corrected by use 
of the erasure information and the first error-correcting 
code. Therefore, without lowering the access speed and 
without extending the distance, the error-correcting ca- 
pability can be improved. 

[0040] According to the present invention, there is 
provided a recording medium with data of respective re- 
cording units recorded therein. The data of respective 
recording units are generated by adding afirst error-cor- 
recting code generated with respect to a series of data 
of a predetermined amount to the data of the predeter- 
mined amount from which the first error-correcting code 
is generated and by adding a second error-correcting 
code generated with respect to a series of data of a pre- 
determined amount to data of the predetermined 
amount other than the data of the predetermined 
amount from which the second error-correcting code is 
generated. If this recording medium is used, when errors 
cannot be detected and corrected by the first error-cor- 
recting code, the errors can be corrected by use of the 
second error-correcting code. 

[0041] Further, the data of the recording unit which 
contains the second error-correcting code in relation to 
the first error-correcting code is recorded at a recording 
position next to a recording position at which the data of 
the recording unit which contains the first error-correct- 
ing code concerning the data of the predetermined 
amount is recorded. Thus, in orderto error-correct some 
data, the second error-correcting code can be read out 
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from the recording position next to the recording position 
of the data. Therefore, a time consumed by the error- 
correction can be reduced and the access speed can be 
increased. 

[0042] With respect to the second error-correcting $ 
code concerning the last data of the predetermined 
amount in a series of data of the predetermined amount, 
the data of the recording unit with the identification data 
added as the data of the predetermined amount is re- 
corded, thereby making it possible to confirm that data 
is the last data of the predetermined amount. Therefore, 
the last data of the predetermined amount can be proc- 
essed properly. 

[0043] With respect to the leading data of the prede- 
termined amount in a series of data of the predeter- 
mined amount, the identification data is added as the 
second error-correcting code, thereby making it possi- 
ble to confirm that data is the leading data of the prede- 
termined amount. Therefore, the leading data of the pre- 
determined amount can be processed properly. 
[0044] Further, the data of the respective recording 
units contain error-check codes concerning the data of 
the predetermined amount contained in the recording 
units, whereby errors can be checked by the error-check 
codes. Therefore, the error-detecting capability can be 
improved. 

[0045] Furthermore, the read-only recording medium 
is used. Since the read-only recording medium does not 
need replacing the defective sector, if the second error- 
correcting code is added to other recording units, then 
it is possible to reduce the processing time consumed 
when errors are corrected. 

[0046] The present invention will hereinafter be de- 
scribed in detail with reference to the accompanying 
drawings. 

[0047] FIG. 1 of the accompanying drawings shows 
in block form of an example of an optical disk drive. This 
optical disk drive can record and reproduce data on and 
from a magneto-optical disk and a write once disk, read 
data from a read-only optical disk, write and read data 
in and from a writable and readable region of a so-called 
partial ROM (read-only memory) composed of a writable 
and readable region and a read-only region and read 
data from a read-only region. 

[0048] An optical disk drive, generally denoted at ref- 
erence numeral 1 in FIG. 1, records data on an optical 
disk 4 and reproduces data from the optical disk 4. The 
optical disk drive 1 is operated under control of a drive 
controller 2. The optical disk drive 1 is connected to a 
host computer 3 through an input and output terminal 
io1 of a SCSI (small computer systems interface) of the 
drive controller 2. The optical disk drive 1 is accessed 
by the host computer 3 through the drive controller 2. 
[0049] As the optical disk 4, there can be used a mag- 
neto-optical disk, a phase change type optical disk, a 
write once disk, a partial disk composed of a writable 
region (RAM) and a read-only region (ROM), a read-on- 
ly optical disk or the like. 



[0050] The optical disk drive 1 comprises a loading 
mechanism 5 for loading the optical disk 4, a spindle 
motor (SM) 6 for rotating the optical disk 4 loaded by the 
loading mechanism 5, a driver 7 for driving the spindle 
motor 6, an optical block 8, a driver 1 4 for driving a laser 
diode (LD) of the optical block 8, an l-V/matrix amplifier 
16 for converting a reproduced signal from the optical 
block 8 in the form of I - V (current-to- voltage) and sup- 
plying a thus converted voltage signal to a plurality of 
systems, a magnetic head 17 for applying a magnetic 
field to the optical disk 4 and a driver 1 8 for driving the 
magnetic head 17. The l-V/matrix amplifier 16 obtains 
an RF signal and a MO (magneto-optical) signal by com- 
bination of a number of outputs from a photodetector 15, 
which will be described later on, of the optical block 8. 
[0051] The optical block 8 comprises a lens system 9 
for irradiating laser beam emitted from the laser diode 
13 on the optical disk 4 and which introduces reflected 
laser beam from the optical disk 4 into a photodetector 
1 5, a slide motor 1 0 for moving the optical block 8 in the 
radius direction of the optical disk 4, a galvano motor 
11 , a focusing actuator 12 and the laser diode 13. 
[0052] The driver 1 8 for driving the magnetic head 1 7 
is connected through an input terminal 1 i1 to an output 
terminal 2o1 of the drive controller 2. The driver 14 for 
driving the laser diode 13 is connected through input ter- 
minals 1 i2, 1 i3 to output terminals 2o2, 2o3 of the drive 
controller 2. The l-V/matrix amplifier 16 is connected 
through output terminals 1o1, 1o2, 1o3, 1o4, 1o5 to in- 
put terminals 2i1 , 2i2, 2i3, 2i4, 2i5 of the drive controller 
2. The focusing actuator 12 is connected through an in- 
put terminal 114 to an output terminal 2o4 of the drive 
controller 2. The galvano motor 1 1 is connected through 
an input terminal 1i5 to an output terminal 2o5 of the 
drive controller 2. The slide motor 10 is connected 
through an input terminal 1i6 to an output terminal 2o6 
of the drive controller 2. The driver 7 of the spindle motor 
6 is connected through an input terminal 1 i7 to an output 
terminal 2o7of the drive controller 2. The loading mech- 
anism 5 is connected through an input terminal 1i8 to 
an output terminal 2o8 of the drive controller 2. 
[0053] The drive controller 2 carries out a processing 
for transmitting and receiving command signals and da- 
ta. Upon recording, the drive controller 2 adds CRC (cy- 
clic redundancy check) code and an error-correction 
code to data supplied thereto from the host computer 3 
and transfers the resultant data to the optical disk drive 
1. Upon reproduction, the drive controller 2 error-cor- 
rects data supplied thereto from the optical disk drive 1 
and transfers only the user data portion to the host com- 
puter 3. When the data is recorded and reproduced, the 
drive controller 2 supplies command signals to the servo 
system and each block of the optical disk drive 1 . 
[0054] FIG. 2 is a block diagram showing the arrange- 
ment of the drive controller 2 shown in FIG. 1 . 
[0055] As shown in FIG. 2, an input/output (I/O) circuit 
31 supplies bias data of the laser diode 13 supplied 
thereto from a digital signal processor 53 through a bus 
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43 to the driver 18 shown in FIG. 1 through a digital-to- 
analog (D/A) converter 32 and an output terminal 2o2. 
A seiector/clamp circuit 33 selects outputs supplied 
thereto from the l-V/matrix amplifier 16 shown in FIG. 1 
through input terminals 211 , 2i2 on the basis of a timing 5 
signal supplied thereto from a servo-system timing gen- 
erator 40 which will be described later on, and clamps 
a selected output. An analog-to-digital (A/D) converter 
34 converts an output supplied thereto from the selector/ 
clamp circuit 33 into digital data on the basis of a servo- 
system clock signal or data-system clock signal select- 
ed by a selector 41 . 

[0056] A data-system clock generator 35 generates 
the data-system clock signal on the basis of a servo- 
system clock signal supplied thereto from a servo-sys- 
tem clock generator 39. A data-system timing generator 

36 generates a data-system timing signal on the basis 
of the data-system clock signal. A data phase controller 

37 controls the phase of the data-system clock signal 
supplied thereto from the data-system clock generator 

36 on the basis of reference phase data extracted from 
reproduced data supplied from the A/D converter 34 and 
supplies the data-system clock signal to a read/write cir- 
cuit 38 as a read clock. Also, the data phase controller 

37 controls a phase of a write position control signal sup- 
plied thereto from toe read/write circuit 38 and outputs 
the same through an output terminal 2o1 . 
[0057] Upon reproduction, the read/write circuit 38 is 
responsive to a request signal supplied thereto from a 
controller 44 to supply the output of the A/D converter 
34 to the controller 44 to output an acknowledge signal 
on the basis of the data-system clock signal supplied 
thereto from the data-system clock generator 35 and the 
data-system timing signal supplied thereto from the da- 
ta-system timing generator 36. Upon recording, the 
read/write circuit 38 supplies data supplied thereto from 
the controller 44 through the output terminal 2o1 and the 
input terminal 1i1 shown in FIG. 1 to the driver 18. 
[0058] The servo-system clock generator 39 gener- 
ates the servo-system clock signal from the output of 
the A/D converter 34 and supplies the servo-system 
clock signal to a servo-system timing generator 40, a 
selector 41 and an address decoder 42. The servo-sys- 
tem timing generator 40 generates a servo-system tim- 
ing signal on the basis of the servo-system clock signal 
supplied thereto from the servo-system clock generator 
39 and supplies the servo-system timing signal to the 
selector 41 , the address decoder 42 and the selector/ 
clamp circuit 33. Also, the servo-system clock generator 
39 supplies the servo-system timing signal through the 
output terminal 2o3 and the input terminal 1 i3 shown in 
FIG. 1 to the driver 14 of the laser diode 13. 
[0059] A multiplexer 45 supplies a front APC (auto- 
matic power control) signal, a focusing error signal and 
a pull-in signal supplied thereto through the input termi- 
nals 2i3, 2i4, 2i5 from the l-V/matrix amplifier 16 shown 
in FIG. 1 to an A/D converter 46. An I/O circuit 47 sup- 
plies an output signal of an A/D converter 46 through a 



bus 43 to a digital signal processor 53. A pulse-width 
modulation (PWM) circuit 48 modulates drive data for 
driving the optical block 8 supplied thereto through the 
bus 43 from the digital signal processor 53. 
[0060] A driver 49 is connected through an output ter- 
minal 2o4 and the input terminal 1 i4 shown in FIG. 1 to 
the focus actuator 12. The driver 49 drives the focus ac- 
tuator 12 shown in FIG. 1. A driver 50 is connected 
through an output terminal 2o5 and the input terminal 
1 i5 shown in FIG. 1 to the galvano motor 1 1 . The driver 

50 drives the galvano motor 1 0 shown in FIG. 1 . A driver 

51 is connected through an output terminal 2o6 and the 
input terminal 1 i6 shown in FIG. 1 to the slide motor 11 
shown in FIG. 1. 

[0061] An input/output circuit 52 supplies the drive 
signal supplied thereto from the digital signal processor 
53 through an output terminal 2io7 and the driver 7 
shown in FIG. 1 to the spindle motor 6. The digital signal 
processor 53 is connected to the controller 44 through 
the bus 43 shown by a bold solid line in FIG. 2. The dig- 
ital signal processor 53 controls and drives each block 
through the bus 43. 

[0062] The digital signal processor 53 supplies a com- 
mand signal through the input/output circuit 52 to the 
driver 7 so that the driver 7 drives the spindle motor 6 
in response to a request signal supplied thereto from the 
hostcomputer3 under the condition that the optical disk 
4 is loaded on the spindle motor 6 by the loading mech- 
anism 5 or if the optical disk 4 is loaded by the loading 
mechanism 5 when an automatic spin-up mode is set. 
[0063] The driver 7 outputs a clock signal to inform 
the stable rotation of the spindle motor 6 to the digital 
signal processor 53 when the spindle motor 6 reaches 
a predetermined rotational speed. During this period of 
time, the digital signal processor 53 controls the driver 
51 through the PWM circuit 48 so as to move the laser 
beam emitted from the laser diode 13 outside of the user 
area of the optical disk. Also, the digital signal processor 
53 controls the driver 51 so as to move the optical block 
8 to the outer or inner peripheral side of the optical disk 
4. 

[0064] If the focusing is pulled in the user area, there 
is then the possibility that data of the disk with high sen- 
sitivity will be erased unintentionally. In such case, if the 
optical block 8 is moved outside of the user area and 
the focusing is pu lied in outside the user area, then such 
mis-erasure can be prevented. 
[0065] When the rotational speed of the spindle motor 
6 reaches a predetermined one and the optical block 8 
is moved to the outer peripheral side of the optical disk 
4, for example, the digital signal processor 53 sets a bias 
current of the laser diode 13 disposed on the optical 
block 8 to the driver 14 through the input/output circuit 
31 and the D/A converter 32 and outputs a command 
signal to the timing generator 40 which energizes and 
deenergizes the laser diode 1 3 such that the laser diode 
13 emits laser beams. 

[0066] The laser beam emitted from the laser diode 
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13 is introduced into the photodetector 15 disposed on 
the optical block 8. The photodetector 15 converts the 
laser beam introduced therein into an electrical signal 
and supplies the resultant electrical signal to the l-V/ma- 
trix amplifier 16, wherein it is converted into a voltage 5 
and supplied to the multiplexer 45 as the front APC sig- 
nal. 

[0067] The front APC signal is processed by the mul- 
tiplexer 45 as a time-division multiplexed signal and then 
converted into a digitized front APC signal by the A/D 
converter 46, whereafter it is supplied through the input/ 
output circuit 47 and the bus 43 to the digital signal proc- 
essor 53. The digital signal processor 53 recognizes a 
power (intensity) of laser beam emitted from the laser 
diode 13 on the basis of the digitized front APC signal 
and feds power control data calculated by a digital filter 
(not shown) through the input/output circuit 31 and the 
D/A converter 32 back to the driver 14, thereby making 
the power (intensity) of the laser diode 13 become con- 
stant. 

[0068] Then, the digital signal processor 13 supplies 
a current from the PWM circuit 48 to the driver 49 to 
move the focusing actuator 12 of the optical block 8 in 
the upper and lower direction to thereby place the fo- 
cusing actuator 1 2 in the focus search mode. At that very 
moment, laser beam reflected on the optical disk 4 is 
introduced into the light-receiving surface of the photo- 
detector 15. The laser beam received at the photode- 
tector 15 is converted into an electrical signal and sup- 
plied to the l-V/matrix amplifier 1 6 as a detection output. 
The electrical signal supplied to the l-V/matrix amplifier 
1 6 is converted into a voltage and amplified, whereafter 
it is output as a focus error signal and supplied to the 
multiplexer 45. 

[0069] Similarly to the front APC signal, the focus er- 
ror signal is processed by the multiplexer 45 as a time- 
division multiplexed signal and converted into a digitized 
focus error signal by the A/D converter 45. Then, the 
digitized focus error signal is supplied through the input/ 
output circuit 47 and the bus 43 to the digital signal proc- 
essor 53. The digital signal processor 53 filters out the 
digitized focus error signal by a digital filter (not shown) 
to provide focus control data and feds the focus control 
data from the PWM circuit 48 to the driver 49, thereby 
constructing a focus control servo loop. When focus 
control is stabilized, the RF signal obtained from the l-W 
matrix amplifier 16 through the photodetector 15 has a 
certain constant amplitude and clamped to a predeter- 
mined potential by the selector/clamp circuit 33, where- 
after it is digitized by the A/D converter 34. 
[0070] A clock provided at that time becomes a free- 
running frequency of the servo-system clock generator 
39. A signal which results from dividing the free-running 
frequency by a predetermined value is used as a timing 
pulse for clamping the RF signal. 
[0071] The servo-system clock generator 39 checks 
patterns of pits formed on the optical disk 4 on the basis 
of an amplitude difference of the RF signals digitized by 



the A/D converter 34 and searches the same patterns 
as those of the pits in the service area. Having detected 
the pattern, the servo-system clock generator 39 con- 
trols the clock selector 41 so as to open a window at the 
position where the next pattern appears. Then, the ser- 
vo-system clock generator 39 determines again wheth- 
er patterns are agreed with each other. 
[0072] If this operation can be confirmed continuously 
a certain number of times, then the servo-system clock 
generator 39 determines that it is locked to the pit pat- 
tern of the optical disk 4. Phase information can be ob- 
tained by calculating an amplitude difference between 
two leading edges of the wobble pits provided within the 
servo area. A gain fluctuation occurred when the ampli- 
tude is changed depending on the tracking position can 
be absorbed by adding phase information obtained from 
the two wobble pits. 

[0073] When the servo-system clock generator 39 is 
locked, the position of the segment unit becomes clear 
so that the position of the segment mark pit formed on 
the optical disk 4 becomes recognizable. Then, a posi- 
tion at which the RF signals sampled at a plurality of 
predetermined positions AM , Ar2, Ar3 and Ar4 for the 
segment mark pit, the address mark pit, the sector flag 
1 pit and the sector flag 2 pit become maximum in am- 
plitude is searched. 

[0074] If the searched result is the AM , then the mark 
is the address mark and the segment is the address seg- 
ment so that the starting portion of the frame can be rec- 
ognized. Therefore, the frame synchronization can be 
. achieved by resetting the frame counter. When one 
frame is composed of 14 segments, the clock selector 
41 is controlled so as to open the window at every 14 
segments. Thus, the checked result can be continuously 
recognized as the address mark. Also, it is judged that 
the frame synchronization is locked. 
[0075] When the frame synchronization is estab- 
lished, the position at which the address is recorded on 
the optical disk 4 can be recognized. Hence, the address 
decoder 42 decodes the track address and the frame 
code. The address decoder 42 decodes the track ad- 
dress and the frame code by checking a coincidence 
between a pattern converted into a gray code at every 
four bits and a gray code table. However, since the pat- 
tern is not converted into the gray code only by four bits 
but the whole pattern is converted into the gray code, 
the gray code pattern is not simply compared with the 
gray code table but compared with a table that is invert- 
ed depending on whether the LSB within the four bits is 
held at "1" or "0". 

[0076] If it is confirmed that a numerical value which 
results from loading the first decoded frame code in the 
frame counter and incrementing the frame counter at 
every frame and an actually reproduced frame code are 
agreed with each other, then the rotational synchroniza- 
tion is achieved. If the numerical values obtained from 
the frame counter are fed back to the digital signal proc- 
essor 53, then it is possible to preventthe frame position 
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from being erroneously recognized even though the op- 
tical disk 4 has a few defects. 

[0077] The digital signal processor 53 calculates the 
speed of the optical block 8 by reading the track address 
previously-converted into the gray code. Then, the dig- 5 
ital signal processor 53 moves the optical block 8 to a 
target track on the optical disk 4 by controlling the slide 
motor 10 of the optical block 8 from the PWM circuit 48 
through the driver 51. 

[0078] When the position of the optical block 8 coin- 
cides with the position of the target track, the digital sig- 
nal processor 53 enters the tracking operation. The 
tracking error signal is obtained by calculating a differ- 
ence between the amplitude values of the RF signal rel- 
ative to the two wobble pits in the servo area as de- 
scribed above. The digital signal processor 53 controls 
a fluctuation of a low frequency component by control- 
ling the galvano motor 11 of the optical block 8 with the 
tracking control data, which results from digitally filtering 
the tracking error signal, supplied to the galvano motor 
1 1 through the driver from the PWM circuit 48. Further, 
the digital signal processor 53 effects the tracking con- 
trol such that the spot of the laser beam emitted from 
the laser diode 13 is placed at the center of the track of 
the optical disk 4. 

[0079] The digital signal processor 53 detects the 
starting position of the target ttack under the tracking 
control. As described above, the first segment and the 
preceding segment of each sector have the sector 
marks. Each sector mark controls the selector 41 in such 
a way as to open the windows at the four positions Ar1 , 
Ar2, Ar3 and Ar4. When the position at which the RF 
signals sampled at the four positions Ar1 , Ar2, Ar3 and 
Ar4 become the maximum amplitude is the position Ar3, 
the sector mark indicates the starting segment of the 
sector. When it is the position Ar3, the sector mark indi- 
cates the preceding segment of the sector. Fundamen- 
tally, the starting segment of the sector is determined by 
calculating the order of the segment of the track indicat- 
ed by the physical sector obtained after the sector ad- 
dress from the host computer 3 has been converted into 
the physical sector. However, since there is then very 
small probability that the two kinds of the sector marks 
become defective simultaneously, there is very small 
probability that the defective sector will be produced. 
[0080] The data-system clock generator 35 generates 
a data clock which results from multiplying the frame 
synchronization servo clock from the servo-system 
clock generator 39 by M/N and supplies this data clock 
to the data-system timing generator 36 and the read/ 
write circuit 38. 

[0081] In the recording operation mode, recording da- 
ta from the host computer 3 is supplied through the con- 
troller 44 to the read/write circuit 38. The read/write cir- 
cuit 38 scrambles data in accordance with Y = X 7 + X + 
1 by adding (exclusive-OR) a random number of 127 
cycles, for example, to the recording data. Then, the 
read/write circuit 38 modulates the recording data thus 



scrambled into NRZI (non-return-to-zero inverted) se- 
ries data synchronized with the data clock. At that time, 
the initial value is jeset to "0" at every segment and a 
modulated signal is supplied through the driver 1 8 to the 
magnetic head 17. 

[0082] The magnetic head 17 generates a magnetic 
field corresponding to the modulated signal. The mag- 
netic head 17 records the NRZI series data on the opti- 
cal disk 4 by application of the magnetic field thus gen- 
erated to the optical disk 4 at its data area heated up to 
a Curie temperature with laser beams emitted from the 
laser diode 13. 

[0083] In the reproducing operation mode, the MO 
(magneto-optical) signal or RF (radio frequency) signal 
obtained by the l-V/matrix amplifier 1 6 from the detected 
output generated from the photodetector 1 5 is clamped 
to a predetermined potential by the selector/clamp cir- 
cuit 33 and converted into a digital signal by the A/D 
converter 34, whereafter it is supplied to the read/write 
circuit 38. The read/write circuit 38 processes the repro- 
duced signal digitized by the A/D converter 34 in a digital 
filter processing fashion matched with a partial response 
and reproduces the NRZI series data by Viterbi decod- 
ing. After the NRZI series data was converted into NRZI 
series data at the segment unit, the converted NRZI se- 
ries data is descrambled at the sector unit as repro- 
duced data. The reproduced data is transferred through 
the controller 44 to the host computer 3. The MO signal 
and the RF signal are obtained by calculating different 
combinations of a number of outputs from the photode- 
tector 15. 

[0084] FIG. 3 is a block diagram showing the control- 
ler 44 shown in FIG. 2. 

[0085] In the controller 44 shown in FIG. 3, a bus 61 
composed of an address bus, a data bus and a control 
bus is connected to a CPU (central processing unit) 60. 
A ROM 62 with various program data and parameter da- 
ta for effecting processing in the reproducing operation 
mode stored therein, a RAM 63 used as a work area 
such as the program data stored in the ROM 62, an in- 
put/output port 64, a decoder 67 for error-correcting and 
error-checking reproduced data, an encoder 68 for gen- 
erating a parity-check code for data supplied thereto 
from the host computer 3, a buffer 70 and an interface 
circuit 71 are all connected to the bus 61 . 
[0086] An input terminal 65 is connected to the read/ 
write circuit 38 shown in FIG. 2 and a movable contact 
66c of a switch 66. One fixed contact 66a of the switch 
66 is connected to an input terminal of the decoder 67. 
The other fixed contact 66b of the switch 66 is connected 
to an output terminal of the encoder 68. 
[0087] A data output terminal of the decoder 67 is con- 
nected to one fixed contact 69a of the switch 69. An input 
terminal of the encoder 68 is connected to the other fixed 
contact 69b of the switch 69. A movable contact 69c of 
the switch 69 is connected to an input and output termi- 
nal of the buffer 70. The input and output terminal of the 
buffer 70 is connected to an input and output terminal 
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of the interface (l/F) circuit 71 . The input and output ter- 
minal of the interface circuit 71 is connected through the 
input and output terminal io! to the input and output ter- 
minal of the host computer 3 shown in FIG. 1 . 
[0088] The decoder 67 error-detects reproduced data 
supplied thereto from the switch 66 by use of a first ECC. 
When the number of detected errors reaches the 
number of errors that cannot be corrected and the de- 
coder 67 error-checks the reproduced data by use of the 
CRC code and detects an error, the decoder 67 error- 
detects the reproduced data by use of a second ECC. 
[0089] The decoder 67 comprises RAMs 67a, 67b 
and a RAM controller 67c for error-correcting data by 
LDC and error-checking data by the CRC code by con- 
trolling the reproduced data written in the RAMs 67a, 
67b. The RAM controller 67 further error-detects data 
by a 2nd ECC when a burst error where data cannot be 
error-corrected and error-checked occurs. The error-de- 
tection using the 2nd ECC will hereinafter be referred to 
as "error check". The RAMs 67a, 67b have a total stor- 
age capacity of capacities of one sector (2352 bytes) for 
storing reproduced data therein and capacities for stor- 
ing various data generated in an error detection and an 
error correction which will be described later on. 
[0090] An output of the decoder 67 is supplied through 
the switch 69 to the buffer 70. The 2nd ECC is a parity- 
check code recorded on a predetermined area of the 
next sector of the corresponding sector of parity-check 
codes of the ECC generated by the data of the recording 
sector. The 2nd ECC is a parity-check code used to de- 
tect an error position of data of the corresponding sector 
when data of a certain sector cannot be error-corrected 
by the parity-check code serving as the 1st ECC upon 
decoding or the occurrence of error is detected by the 
error-checking with the CRC code. 
[0091] As shown in FIG. 3, the encoder 68 comprises 
RAMs 68a, 68b each having a storage capacity of one 
sector, and a RAM controller 68c for generating a parity- 
check code used as a 1st ECC, a parity-check code 
used as a CRC code, a parity-check code used as a 2nd 
ECC and adding these parity-check codes by controlling 
input data written in the RAMs 68a, 68b. The encoder 
68 adds only the parity-check code generated as the 
2nd parity-check code for the user data of a certain sec- 
tor to the user data of the next sector. 
[0092] The encoder 68 adds the above-mentioned 
parity-check codes to data transferred thereto from the 
host computer 3 and also adds the parity-check code of 
the 2nd ECC of the immediately-preceding sector to the 
data. 

[0093] The optical disk drive 1 shown in FIG. 1 can 
record error-checking parity-check codes and error-cor- 
recting parity-check codes in writable regions of the 
magneto-optical disk, the write-once disk, and the par- 
tial disk. Therefore, if the above-mentioned parity-check 
codes are recorded on the read-only optical disk and the 
read-only region of the partial djsk,then they are record- 
ed thereon when the disks are manufactured. 



[0094] An input and output terminal 72 connected to 
the input and output (I/O) port 64 is connected to the 
bus 43 of the digital signal processor 53 shown in FIG. 
2. An outputterminal 73 isconnectedto an acknowledge 
5 signal input terminal of the read/write circuit 38 shown 
in FIG. 2. An input terminal 74 is connected to a request 
signal output terminal of the write/read circuit 38 shown 
in FIG. 2. 

[0095] Initially, a manner in which data transferred 
10 from the host computer 3 is recorded on the optical disk 
4 will be described. 

[0096] The CPU 60 supplies a switching control signal 
through the input and output port 64 to the switches 66 
and 69, whereby the switches 66 and 69 connect the 

15 movable contacts 66a, 69a to the fixed contacts 66b, 
69b. Thus, recording data transferred from the host 
computer 3 is read out from the buffer 70 and then sup- 
plied through the switch 69 to the encoder 68, wherein 
it is added with the error-detecting code and the error- 

20 correcting code and supplied through the switch 66 and _ 
the output terminal 65 to the read/write circuit 38 shown 
in FIG. 2, thereby being recorded on the user area of 
the optical disk 4. 

[0097] At that time, the encoder 68 adds a parity- 
25 check code to data of a certain sector (N sector) stored 
on the RAM 68a. When the processing for recording is 
ended, the encoder 68 supplies data of N sectorthrough 
the switch 66 to the input and output terminal 65 and 
also supplies a signal indicative of the end of the 
30 processing for the recording through the input and out- 
put port 64 and the bus 61 to the CPU 60. Therefore, 
.the CPU 60 issues a recording command signal to the 
read/write circuit 38 shown in FIG. 2 and controls the 
buffer 70 and the interface circuit 71 in order to receive 
35 the next input data, whereby all data on the N sector are 
supplied to the optical disk drive 1 and recorded on the 
optical disk 4. During this period of time, the next input 
data is written in the RAM 68b as data of the next sector 
(N + 1 sector). 

40 [0098] An operation in the reproducing mode will be 
described. The CPU 60 supplies a switching control sig- 
nal through the input and output port 64 to the switches 
66 and 69, whereby the switches 66 and 69 connect the 
movables contacts 66c, 69c to the fixed contacts 66a, 

45 69a, respectively. Thus, reproduced data read out from 
the optical disk 4 and supplied through the read/write 
circuit 38, the input and output terminal 65 and the 
switch 66 is supplied to the decoder 67, wherein it is 
error-detected and error-corrected and then supplied 

so through the switch 69, the buffer 70, the interface circuit 
71 and the input and output terminal io1 to the host com- 
puter 3 shown in FIG. 1. 

[0099] At that very moment, the decoder 67 error-cor- 
rects the data of N sector stored in the RAM 67a by the 
55 parity-check code used as the 1st ECC and error- 
checks the above data of N sector by use of the parity- 
check code used as the CRC code. Further, when the 
burst error occurs so that errors cannot be corrected, 



11 



21 



EP 0 729 150 B1 



22 



the decoder 67 reads out the parity-check code used as 
the 2nd ECC from the data of the N + 1 sector stored in 
the RAM 67b and detects the error position by the parity- 
check code used as the 2nd ECC. Having confirmed the 
error position, the decoder 67 error-corrects data one s 
more time by use of the parity-check code used as the 
1 st parity-check code to thereby correct the data of the 
N sector and then error-checks data by use of the CRC 
parity-check code. 

[0100] At the completion of the above-mentioned re- 
producing processing, the decoder 67 outputs the data 
of the N sector and supplies a signal indicative of the 
end of the reproducing processing through the input and 
output port 64 and the bus 61 to the CPU 60, whereby 
the CPU 60 issues a command signal to the read/write 
circuit 38 shown in FIG. 2 such that the read/write circuit 
38 reproduces data of the next sector. Therefore, all da- 
ta of the N sector are supplied to the buffer 70. 
Subsequently, reproduced data of the N + 2 sector read 
out from the optical disk 4 is supplied to the RAM 67a. 
[0101] The optical disk drive 1 shown in FIGS. 1 to 3 
can use the read-only optical disk, the disk such as the 
partial disk having the writable region, the disk having 
the writable region in addition to the read-only region, 
and the disk such as the magneto-optical disk and the 
write-once disk having only the read-only region and the 
disk having the readable region in addition to the write- 
only region. 

[0102] FIG. 4 is a diagram used to explain a format of 
an optical disk to which the recording medium of the 
present invention is applied. 

[0103] As shown in FIG. 4, the optical disk 4 has a 
format composed of a GCP (gray code part) region with 
disk type data recorded therein, a CTL (control) region, 
a TEST (test) region, data region ranging from BAND 
(band) 0 to BAND 15, a TEST region, a CTL (control) 
region, and a GCP region set from the outermost pe- 
riphery to the innermost periphery thereof, in that order. 
The GCP region records added information and address 
information thereon and also has the bit pattern formed 
thereon in the form of the gray codes. Therefore, infor- 
mation on the GCP region can be read out upon seek- 
ing. Further, the CTL region records information indica- 
tive of media type or the like thereon. The TEST region 
allows test data to be recorded thereon. 
[0104] FIG. 5 is a table concretely showing the format 
of the optical disk 4 shown in FIG. 4. As shown in FIG. • 
5, the GCP region on the uppermost column corre- 
sponds to the GCP region of the outermost periphery of 
the optical disk 4 shown in FIG, 4. The upper to lower 
columns correspond to regions ranging from the outer- 
most periphery to the innermost periphery of the optical 
disk 4 shown in FIG. 4, respectively. 
[0105] In this embodiment, a zone CAV (constant an- 
gular velocity) method will be described and data clocks 
are therefore different at every zone as shown in FIG. 5. 
[0106] Sectorformats will be described with reference 
to FIGS. 6A, 6B and 6C. FIGS. 6A, 6B, 6C show the 



contents of one sector. As earlier noted, if the optical 
disk 4 is the magneto-optical disk and the write-once 
disk or data is recorded on the writable region of the 
partial disk, then data constructing the following sector 
format are recorded by the optical disk drive 1 shown in 
FIG. 1 . If the optical disk 4 or the read-only optical disk 
or data is recorded on the writable region of the partial 
disk, then data constructing the following sector format 
are recorded when the optical disk is manufactured. 
[0107] In FIGS. 6A, 6Band 6C, reference symbol /de- 
picts a code word and j a byte. A solid arrow indicates 
a writing direction. Data shown by DO to D2047 depict 
user data. Data shown by (P1 , P2) to (P35, P36) depict 
parity-check codes for the user data DO to D127, 
D1920 to D2047 shown by i = 130 to 123, i = 10 to 
3. Data shown by (Q1 , Q2) depicts parity-check codes 
for the parity-check codes P1 to P36. Data shown by 
(Q3, Q4) depict parity-check codes for the parity-check 
codes P1 to P36 and the parity-check codes (Q1 , Q2). 
Data shown by CRC1 to CRC8 indicate error-checking 
parity-check codes for the user data DO to D2047. 
[0108] Data shown by (E1, 1) to (E16, 16) indicate 
Reed-Solomon code parity-check codes for the user da- 
ta DO to D2047 expressed by j = 0 to j = 15, the parity- 
checkcodes P1 to P36 and CRC1 to CRC8. Specifically, 
the parity-check code of j = 0 composed of parity-check 
codes (E1 , 1 ) to (E1 , 1 6) are parity-check codes for data 

DO, D16 D2032 and data expressed by j = 0 and i = 

130 to 0. Data of j = 1 and i = -1 to -16 composed of 
parity-check codes (E2, 1) to (E2, 16) are parity-check 
codes for data expressed by j= 1 and i= 130 to 0. Similar 
parity-check codes also are prepared for other lines. 
[0109] As shown in FIGS. 6A f 6B and 6C, when the 
Reed-Solomon codes are arranged for data of respec- 
tive lines shown by i = 130 to -16, each distance be- 
comes 17 as described above. Study of the table 1 re- 
veals that, when errors occur continuously, 8 errors can 
be detected and corrected at maximum. However, when 
9 errors or greater occurs continuously, they cannot be 
error-corrected. 

[0110] In this embodiment, parity-check codes P1 to 
P36 are generated as error-checking and error-correct- 
inig 2nd ECC for data expressed as i = 130, j = 0 to i = 
3, j = 15 and i = 0, j = 15 to i = -16 and j = 15. They are 
used upon reproduction. 

[0111] Since all data in the longitudinal direction are 
147 bytes, data length in each longitudinal direction of 
user data DO to D2047 which become parity-check 
codes is 131 bytes and data length in each longitudinal 
direction of parity-check code is 16 bytes, the distance 
becomes 17. Thus, the Reed-Solomon code is (147, 
131, 17). Incidentally, one code word is one byte. 
[0112] One sector becomes 16 bytes x 147 = 2352 
bytes as described above. 

[0113] FIG. 7 is a diagram used to explain a manner 
in which parity-check codes P1 to Pn (n is 40 at maxi- 
mum) generated for data of the immediately-preceding 
sector are recorded on a particular region of each sector 
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according to the sector formats shown in FIGS. 6A, 6B 
and 6C if the optical disk 4 is the read-only disk or partial 
disk (with only ROM region). 

[0114] In FIG. 7, reference letters S1 to SN+1 depict 
sector Nos. The sector S1 depictsthe starting sector ob- 
tained when a series of user data is recorded, the sector 
SN depicts the ending sector obtained when a series of 
user data is recorded, and the sector SN+1 depicts the 
added sector obtained when a series of user data is re- 
corded. 

[01 1 5] Data shown by Da1 to DaN+1 depict user data, 
respectively and correspond to the data DO to D2047 in 
FIGS. 6A, 6B and 6C, respectively. Data depicted by El 
to EN+1 are parity-check codes of user data Da1 to 
DaN+1 of the respective sectors S1 to SN+1 , respec- 
tively. Data depicted by Pn to PN are parity-check codes 
used as 2nd ECC shown in FIGS. 6A, 6B, 6C. Data de- 
picted by C1 to CN+1 are error-checking parity-check 
codes, respectively, and which correspond to parity- 
check codes CRC1 to CRC8 in FIGS. 6A, 6B and 6C, 
respectively. The sector S1 is the starting sector used 
when a series of user data is recorded. An area shown 
hatched in the sector S1 is the starting sector and indi- 
cates that no parity-check code is recorded thereon. The 
reason for this will be described below. 
[0116] In the codes shown in FIG. 7, values ranging 
from 1 to N+1 are supplementally added to the respec- 
tive codes following the starting code. These values are 
corresponding to the sectors S1 to SN+1 , respectively. 
The data Dan-1 , for example, depicts user data record- 
ed on the sector Sn-1 . The parity-check code Cn-1 de- 
picts parity-check code for error-checking the user data 
Dan-1 recorded on the sector Sn-1. The parity-check 
code En-1 depicts parity-check code for error-correcting 
the user data Dn-1 recorded on the sector Sn-1 . 
[0117] Of the specific region, the codes of parity- 
check codes used as the 2nd ECC shown in FIGS. 6A, 
6B, 6C are added with codes different from that of the 
sector Sn-1, i.e., the value of immediately-preceding 
sector '^-2". The value "n-2" indicates the parity-check 
code generated from data Dan-2 of the preceding sector 
Sn-2. This is also true for other sectors shown in FIG. 
7. A parity-check code Pn-1 of the specific region of the 
sector Sn , for example, is a parity-check code generated 
in the data Dan-1 of the sector Sn-1 . 
[0118] No parity-check code is recorded on the 
hatched area of a part of the specific region of the sector 
S1 but identification data (ID) indicative of the starting 
sector, e.g., fixed data (all "0"s, etc.) is recorded on the 
hatched area. The reason that no parity-check code is 
recorded on the sector S1 is that a parity-check code for 
the immediately-preceding sector of the sector S1 is not 
required because the sector S1 is the starting sector 
used when a series of user data is recorded. 
[0119] All "0"s, for example, are recorded on the 
hatched region which is the data recording region of the 
sector SN+1. Accordingly, the error-checking parity- 
check code CN+1 is a 0-checking parity-check code re- 



corded on this sector SN+1 . A parity-check code EN+1 
also is a parity-check code generated at "0" recorded 
on this sector SN+1 . On the other hand, a parity-check 
code PN generated for the data DaN of the immediately- 
5 preceding sector SN is recorded on a partial region of 
the specific region. 

[0120] The reason that the parity-check code PN gen- 
erated from the data DaN of the immediately-preceding 
sector SN is recorded on the sector SN+1 will be de- 

w scribed. That is, although the recording of the data itself 
is completed in the immediately-preceding sector SN, 
the parity-check code used as the 2nd ECC is recorded 
on the sector next to the sector in which data forming 
that parity-check code is recorded and a sector in which 

15 a parity-check code of the last data is recorded should 
be provided. Therefore, as shown in FIG. 7, if the last 
sector used when a series of user data is recorded is 
SN, then the parity-check code used as the 2nd ECC of 
the data DaN of the sector SN has to be recorded on 

20 the specific region of the sector SN+1 as an added sec- 
tor. Since a data amount of a series of data is generally 
larger than a data amount of data of one track, it is ef- 
fective rather than a parity-check code sector provided 
at every track from a processing efficiency standpoint, 

25 [01 21 ] FIG . 8 is a diagram showing the specific region 
shown in FIG. 7 in an enlarged scale. 
[0122] A specific region is assumed to be a N+1 sec- 
tor for the sake of simplicity. In FIG. 8, P1 to P36 depict 
parity-check code-check codes used as 2nd ECC 

30 shown in FIGS. 6A, 6B, 6C. As earlier noted, the parity- 
check codes P1 to P36 used as 2nd ECC become 36 
bytes of 2 bytes each in total for 128 bytes (data of 8 
lines x 16) data of N sectors. Reference numerals Q1 
and Q2 depict parity-check codes for the parity-check 

35 code data of totally 36 bytes composed of parity-check 
codes P1 to P36 of the specific region of the N+1 sector. 
Reference numerals Q3 and Q4 depict parity-check 
codes for data of totally 38 bytes of parity-check codes 
P1 to P36 and parity-check codes Q1 and Q2 of the N+1 

40 sector. 

[01 23] Specifically, when data is recorded on the N+1 
sector, parity-check codes (E1, 1) to (E16, 16) are gen- 
erated from the data DO to D2047 of the N sector, and 
error-checking parity-check codes CRC1 to CRC8 are 

45 generated. Further, the parity-check codes P1 to P36 
and Q1 to Q4 used as the 2nd ECC generated from the 
user data DO to D2047 of the N sector are recorded on 
the specific region of the N+1 sector. 
[0124] Upon reproduction, the user data DO to D2047 

so of the N sector are reproduced and the reproduced user 
data DO to D2047 are error-corrected by use of the cor- 
responding parity-check codes (E1, 1) and (E16, 16). 
When the reproduced user data cannot be error-correct- 
ed, the user data DO to D2047 are error-checked by use 

55 of the parity-check codes CRC1 to CRC8. 'When the 
reduced user data cannot be error-checked, the repro- 
duced user data can be error-checked by use of the par- 
ity-check codes CRC1 to CRC8. If the error-checking 
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becomes impossible, then the parity-check codes P1 to 
P36 and Q1 to Q4 used as the 2nd ECC are read out 
from the N+1 sector. Then, the error-checking is carried 
out by use of the parity-check codes P1 to P36 and Q1 
to Q4 thus read out and erasure information is obtained. 5 
The erasure information indicates that data of line unit 
with erasure information is erased when errors oc- 
curred. By this erasure information, it is possible to rec- 
ognize data that was erased by errors in the succeeding 
process. 

[0125] Then, a syndrome of N sector data is calculat- 
ed by using parity-check codes (E1, 1) to (E16, 16) of 
the user data DO to D2047 of the N sector. Error position 
information is obtained on the basis of a calculated re- 
sult and the erasure information and then a value of error 
is obtained. Data of N sector corresponding to the error 
position information is read out and the data of N sector 
is error-corrected by addition of the value of error. 
[0126] Of the data shown in FIGS. 6A, 6B and 6C, if 
the data DO through D120 are erroneous, then a burst 
error of 15 bytes or 16 bytes (> 8 bytes) occurs in the 
parity-check code used as the 1 st ECC. As a result, the 
error-detection and error-correction wherein the error 
position is detected and the detected error is corrected 
becomes impossible. Because, when the distance is 
"17" and the number of error detection is "O", only error 
of up to 8 symbols can be corrected. 
[0127] Therefore, in this case, data DO to D128, i.e., 
data of 8 lines are regarded as erasure data and error 
erasure information indicative of the position at which 
the error occurs is obtained by using the parity-check 
codes P1 and P2. If there exists the error erasure infor- 
mation, then the number of symbols that can be erased 
and corrected is expressed as d - 1 . Accordingly, if the 
distance d is 1 7, then data of 1 6 bytes can be erased 
and corrected. 

[0128] As described above, the parity-check codes 
used as the 2nd ECC of the data recorded on a certain 
sector are recorded on a specific region of the next sec- 
tor in the writable region of the magneto-optical disk, the 
write-once disk and the partial disk by the optical disk 
drive. Further, the parity-check codes are recorded on 
a specific region of the next sector in the read-only re- 
gion of the read-only optical disk and the partial disk 
when optical disks are manufactured. 
[0129] The above-mentioned format can be applied 
to any one of the writable regions of the magneto-optical 
disk, the write-once disk and the partial disk. However, 
almost ail of the magneto-optical disks use a LRA (linear 
replacement algorithm) for recording data to be record- 
ed on a defective sector on a sector of a replacement 
area of the defective sector if a defect occurs in the sec- 
tor when the optical disk is in use and a SSA (sector 
slipping algorithm) for recording data to be recorded on 
a defective sector if a defect occurs in the sector when 
optical disks are manufactured. Therefore, if the optical 
disk has a defective sector, then data of the defective 
sector is recorded on the replacement sector so that the 



optical pickup has to be moved frequently. Thus, if the 
2nd ECC is recorded on the next sector, then the access 
speed is lowered. To solve this problem, when data is 
recorded on the sector, the parity-check codes generat- 
ed as the 2nd ECC are not recorded on the next sector 
but recorded on the corresponding sector. 
[0130] In the following description, with respecttothe 
read-only optical disk, the parity-check codes used as 
the 2nd ECC are recorded on the specific region of the 
next sector. With respect to the magneto-optical disk, 
the parity-check codes used as the 2nd ECC are not 
recorded on the next sector but its own sector, i.e., the 
sector in which data, from which the parity-check codes 
are generated, are recorded. 

[0131] FIG. 9 is a table used to explain a manner in 
which the parity-check codes used as the 2nd ECC are 
used for the data and the parity-check codes shown in 
FIGS. 6A, 6B and 6C. 

[0132] in FIG. 9, "line" corresponds to i shown in 
FIGS. 6A, 6B, 6C. 

[0133] Study of FIG. 9 reveals that the parity-check 
codes (P1 , P2) to (P31 , P32) are parity-check codes for 
data of 8 lines. Moreover, the parity-check codes (Q1 , 
Q2, Q3, Q4) are parity-check codes forthe parity-check 
codes P1 to P32 and the parity-check codes Q1 to Q4. 
[0134] Specifically, when the parity-check codes P1 
to P32 are generated, (130, 128,3) Reed-Solomon code 
is generated with respect to each line. When the parity- 
check codes Q1 to Q4 are generated, (36, 32, 5) Reed- 
Solomon code is formed. When the parity-check codes 
Q5 to Q8 are generated, (40, 36, 5) Reed-Solomon code 
is formed. 

[0135] FIGS. 10 to 12 are flowcharts used to explain 
a manner in which the controller is operated upon repro- 
duction. The CPU 60 and the RAM controller 67c shown 
in FIG. 3 are mainly used to control the operation. 
[0136] A read command is composed of data indica- 
tive of reading, logical address data and length data. Up- 
on reproduction, the host computer 3 (see FIG. 1) sup- 
plies the read command through the input terminal io1 , 
the interface circuit 71 and the input and output port 64 
to the CPU 60. 

[0137] Referring to FIG. 10, following the start of op- 
eration, it is determined at decision step S1 whether or 
not the read command is supplied from the host com- 
puter 3 to the CPU 60. If a YES is output at decision step 
S1 , then the processing proceeds to step S2. 
[0138] In step S2, the CPU 60 extracts the length data 
from the read command and stores the extracted length 
data in an internal register L of the CPU 60. The CPU 
60 stores starting sector No. data in an internal register 
S. Further, the CPU 60 stores data "1" in the internal 
register S. A value of data stored in the internal register 
S is incremented by "1" each time data of one sector is 
read and transmitted. The CPU 60 compares the value 
stored in the internal register S and the value stored in 
the internal register L. When the value stored in the in- 
ternal register S is larger than the value stored in the 
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internal register L, the CPU 60 recognizes that data of 
amount indicated by the length data has been finished 
being read out. 

[0139] In the next decision step S3, the CPU 60 re- 
quests the decoder 67 to supply the flag 1 thereto. Then, 5 
it is determined whether or not the value of data of the 
flag 1 supplied from the decoder 67 is a value indicative 
of "ON" state. If a YES is output at decision step S3, 
then the processing proceeds to step S50. If a NO is 
output at decision step S3, then the processing pro- 
ceeds to step S4. The flag 1 is in its ON-state at steps 
S26 and S31 which will be described later on, i.e., the 
flag 1 is in its ON-state when the data of N sector cannot 
be error-corrected by the ECC of that sector and can be 
erased and corrected by the 2nd ECC of the N+1 sector. 
[01 40] In step S4, the CPU 60 supplies the read com- 
mand to the digital signal processor 53 shown in FIG. 2. 
The digital signal processor 53 controls the optical block 
8 such that the position of the optical block 8 shown in 
FIG. 1 coincides with the target position on the magneto- 
optical disk 4. Thus, data of N sector is read out from 
the optical disk 4. The data of N sector read out from the 
optical disk 4 is supplied through the read/write circuit 
38 and the input terminal 65 to the switch 66. The CPU 
60 supplies the switching control signals to the switches 
66, 69 so that the switches 66, 69 connect the movable 
contacts 66c, 69c to the fixed contacts 66a, 69a. As a 
consequence, reproduced data supplied to the switch 
66 is supplied through the switch 66 to the decoder 67. 
[0141] In step S5, the RAM controller 67c reads out 
data of j = 0 to 15 and i = 130 to 0 stored in the RAM 
67a from the RAM 67a in the sequential orders shown 
in FIGS. 6A, 6B and 6C. Simultaneously, the parity- 
check codes (E1, 1) to (E1 6, 16) corresponding to these 
data of longitudinal direction also are read out sequen- 
tially. Then, the RAM controller 67c calculates syn- 
dromes with respect to data of j = 0 to 1 5 and i = 1 30 to 
0 by use of the corresponding parity-check codes (E1 , 
1)to(E16, 16). 

[0142] It is determined in the next decision step S6 
whether or not the error position can be detected. If a 
YES is output at decision step S6, then the processing 
proceeds to step S7. If a NO is output at decision step 
S6, then the processing proceeds to step S1 6 (see FIG. 
1 2). Since the number of symbols that can be error-de- 
tected is "8" as earlier noted, if the number of consecu- 
tive errors is less than 8 bytes, then the error position 
can be detected. 

[01 43] In the next step S7, the RAM controller 67c cal- 
culates the value of error and reads out data with error 
from the RAM 67a. The RAM controller 67c error-cor- 
rects the data with the error read out from the RAM 67a 
by addition of the above error value (modulo-2 addition). 
The RAM controller 67c writes the error-corrected data 
in the original region of the RAM 67a. 
[0144] In the next decision step S8, it is determined 
whether or not the RAM controller 67c has finished er- 
ror-correcting all data with errors. If a YES is output at 



decision step S8, then the processing proceeds to step 
S9. If on the other hand a NO is output at decision step 
S8, then the processing returns to step S7 and steps S7 
and SB are repeated. 

[0145] In step S9, the RAM controller 67c reads out 
the data of N sector from the RAM 67a and also reads 
out the parity-check codes CRC1 to CRC8 for checking 
the errors of N sector. The RAM controller 67c error- 
checks the data of N sector by use of the error-checking 
parity-check codes CRC1 to CRC8. 
[0146] It is determined in the next decision step S10 
on the basis of the results obtained when the RAM con- 
troller 67c error-checks the data of N sector by use of 
the error-checking parity-check codes CRC1 to CRC8 
whether or not data has errors. If a YES is output at de- 
cision step S10, then the processing proceeds to step 
S1 6. If on the other hand a NO is output at decision step 
S10, then the processing proceeds to step S11 . 
[0147] In step S11 , the CPU 60 supplies a control sig- 
nal indicative of starting reading data stored in the RAM 
67a to the RAM controller 67c, whereby the RAM con- 
troller 67c supplies the read control signal to the RAM 
67a so that the user data of N sector starts being read 
out from the RAM 67a. The user data of N sector read 
out from the RAM 67a is supplied through the switch 69 
to the buffer 70, whereafter it is held temporarily and 
supplied through the interface circuit 71 and the input 
and output terminal io1 to the host computer 3 shown in 
FIG. 1. 

[0148] In step S12, the CPU 60 adds "1" to the data 
stored in the internal registers S and L. 
[0149] It is determined in decision step S13 by the 
CPU 60 whether or not the value of the data stored in 
the internal register S is larger than the value of the data 
stored in another internal register L, If a YES is output 
at decision step S13, then the processing is ended. If 
on the other hand a NO is output at decision step S13, 
then the processing proceeds to the next decision step 
S14. In decision step S14, it is determined whether or 
not data of all sectors have finished being reproduced. 
[0150] In step S14, the CPU 60 requests the decoder 
67 to supply a flag 2 thereto. Then, it is determined 
whether or not the value of data of the flag 2 is "ON". If 
a YES is output at decision step S14, then the process- 
ing proceeds to step S15. If a NO is output at decision 
step S14, then the processing returns to step S4. The 
flag 2 is in its ON-state at step S26 which will be de- 
scribed later on. If the data of the N+1 sector cannot be 
error-corrected by the ECC of the corresponding sector 
and can be erased and corrected by the 2nd ECC of the 
N+1 sector, then the data of the N+1 sector was already 
read and stored in the RAM 67b. Therefore, in order to 
prevent the data of the N+1 sector from being read out 
one more time but to transmit the data of the N+1 sector 
at it is, the flag 2 is used to determine whether to read 
the data of N+1 sector or whether to transmit the data 
of N+1 sector stored in the RAM 67b. In step S15, the 
RAM controller 67c changes the value of the flag 2 to a 
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value indicative of "OFF" state. 
[0151] In the next decision step S16, the CPU 60 re- 
quests the RAM controller 67c to supply the erasure in- 
formation thereto. If the error erasure information exists, 
then the RAM controller 67c supplies the error erasure 5 
information to the CPU 60 as an error signal. It is deter- 
mined by the CPU 60 on the basis of the data supplied 
thereto from the RAM controller 67c whether or not the 
error erasure information exists. If a YES is output at 
decision step S1 6, then the processing proceeds to step 
S18. if a NO is output at decision step S16, then the 
processing proceeds to the next decision step S17. 
[0152] In the decision step S17, the CPU 60 reads 
disk type data indicating types of disks, such as the 
read-only disk, i.e., ROM, the rewritable disk, i.e., RAM 
read out from the optical disk and held in the RAM 62 
when the optical disk is loaded on the apparatus. Then, 
it is determined by the CPU 60 on the basis of the disk 
type data whether the optical disk is ROM. If a YES is 
output at decision step S17, then the processing pro- 
ceeds to step S19. If on the other hand a NO is output 
at decision step S17, then the processing proceeds to 
step S30. If the optical disk is the RAM, then the 2nd 
ECC for the user data of N sector is recorded on the 
specific region of the N sector. If the optical disk is the 
ROM , then the 2nd ECC for the user data of the N sector 
is recorded on the specific region of the N+1 sector. 
Therefore, it is determined at decision step S1 7 whether 
the optical disk is the ROM or RAM. Then, in accordance 
with the judged result, a different processing is carried 
out. Specifically, if the optical disk is the RAM, then data 
of 2nd ECC is read out from the N sector. If on the other 
hand the optical disk is the ROM, then the 2nd ECC is 
read out from the N+1 sector. 

[0153] In the case of the write-once disk, although the 
disk type data indicates the write-once disk, the write- 
once disk is judged as the ROM at decision step S17. 
[0154] In step S18, the CPU 60 supplies an error sig- 
nal from the RAM controller 67 to the interface circuit 
71. When the error signal is supplied to the interface 
circuit 71 , the interface circuit 71 supplies the error sig- 
nal through the input and output terminal io1 to the host 
computer 3 shown in FIG. 1 . The software activated on 
the host computer 3 allows image indicative of the error 
signal to be displayed on the monitor screen of the host 
computer 3 when the error signal is supplied to the host 
computer 3. 

[0155] in step S19, the CPU 60 supplies the read 
command signal to the digital signal processor 53 
shown in FIG. 2. The digital signal processor53 controls 
the optical block 8 such that the position of the optical 
block 8 shown in FIG. 1 becomes coincident with the 
target position on the magneto-optical disk 4. Thus, the 
data of the N+1 sector is read out from the optical disk 
4. The data of the N+1 sector read out from the optical 
disk 4 is supplied through the read/write circuit 38 and 
the input and output terminal 65 to the switch 66. The 
CPU 60 supplies switching control signals to the switch- 



es 66, 69 so that the switches 66, 69 connect the mov- 
able contacts 66c, 69c to the fixed contacts 66a, 69a. 
As a result, the reproduced data supplied to the switch 
66 is supplied through the switch 66 to the decoder 67. 
[0156] In the next step S20, the RAM controller 67c 
sequentially reads out the data of N sector stored in the 
RAM 67b and also sequentially reads out the parity- 
check codes (E1 , 1 ) to (E1 6, 1 6) corresponding to these 
data. Then, the RAM controller 67c calculates syn- 
dromes of the data of the N+1 sector by use of the cor- 
responding parity-check codes (E1 , 1) to (E1 6, 1 6) se- 
quentially. 

[0157] It is determined in the next decision step S21 
by the RAM controller 67c whether or not the error po- 
sition can be detected. If a YES is output at decision 
step S21 , then the processing proceeds to the next step 
S22. If on the other hand a NO is output at decision step 
S21 , then the processing proceeds to step S18. 
[01 58] In step S22, the RAM controller 67c calculates 
the value of error and reads out data with error from the 
RAM 67b. The RAM controller 67c error-corrects the da- 
ta with the error read out from the RAM 67b by addition 
(modulo-2 addition) of the value of error to the data with 
the error. Then, the RAM controller 67c writes the error- 
corrected data in the original region of the RAM 67b. 
[0159] It is determined in the next decision step S23 
by the RAM controller 67c whether or not all data with 
errors are error-corrected. If a YES is output at decision 
step S23, then the processing proceeds to step S24. If 
on the other hand a NO is output at decision step S23, 
then the processing returns to step S22 and steps S22 
and S23 are repeated. 

[0160] In step S24, the RAM controller 67c reads out 
the data of the N+1 sector from the RAM 67b and also 
reads out the error-checking parity-check codes CRC1 
to CRC8. Then , the RAM controller 67c error-checks the 
data of the N+1 sector by use of the error-checking par- 
ity-check codes CRC1 to CRC8. 
[0161] It is determined in decision step S25 by the 
RAM controller 67c on the basis of the results of error- 
checking using the error-checking parity-check codes 
whether or not there are errors. If a YES is output at 
decision step S25, then the processing proceeds to the 
step S18. If a NO is output at decision step S25, then 
the processing proceeds to the next step S26. 
[01 62] The reason that the CPU 60 supplies the error 
signal from the RAM controller 67c through the interface 
circuit 71 and the input and output terminal io1 to the 
host computer 3 is that an error which cannot be cor- 
rected by the data existing within the sector occurred in 
the data read out from the N+1 sector. 
[0163] In step S26, the RAM controller 67c sets the 
values of the flag 1 and the flag 2 in the ON-state, re- 
spectively. The flag 1 and the flag 2 are respectively set 
in the ON-state when the error position can be detected 
and the occurrence of error is not detected by error- 
checking using the CRC code. 

[0164] In step S27, the RAM controller 67c reads out 
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the user data of the N sector at every 8 lines from the 
RAM 67a as In a manner of j = 0 and i = 1 30 to 1 23 and 
also reads out the parity-check codes (P1 to P2) to (P35, 
P36) used as the 2nd ECC of the N+1 sector corre- 
sponding to the data of 8 lines from the RAM 67b. Then, 
the RAM controller 67c error-checks data of the N sector 
by the 2nd ECC of the N+1 sector with respect to the 
user data of 8 lines. Error erasure information for the N 
sector can be obtained by error-checking. 
[0165] It is determined in decision step S28 by the 
RAM controller 67c on the basis of error-checked results 
using the 2nd ECC whether or not error erasure infor- 
mation is obtained. If a YES is output at decision step 
S28 ( then the processing proceeds to step S29. If on the 
other hand a NO is output at decision step S28, then the 
processing returns to the step S18. If the error erasure 
information is not obtained, then the occurrence of error 
cannot be detected even though the error occurred. 
Therefore, in this case, even the error cannot be detect- 
ed and the processing returns to the step S1 8, whereat 
the error signal is output. 

[0166] The reason that, if a NO is output at decision 
step S28, then the processing returns to the step S18, 
whereat the CPU 60 supplies the error signal supplied 
thereto from the RAM controller 67c through the inter- 
face circuit 71 and the input and output terminal io1 to 
the host computer 3 will be described below. When an 
error which cannot be corrected occurs in data read out 
from the N sector, the 2nd ECC is read out from the N+1 
sector and the error erasure information is obtained by 
error-checking data of the N sector by use of the 2nd 
ECC. 

Subsequently, when an error is corrected by using the 
1st ECC, an error that cannot be corrected within the 
sector occurs in the data of the N+1 sector. Therefore, 
in such case, an error signal indicative of the occurrence 
of error is supplied to the host computer 3. 
[0167] In step S29, the RAM controller 67c writes the 
error erasure information for the N sector obtained at 
step S27 in the RAM 67a. That is, the RAM controller 
67c adds the error erasure information to the data of the 
N sector. 

[0168] If a NO is output at decision step S1 7, then the 
processing proceeds to step S30. In step S30, the RAM 
controller 67c reads out the user data of the N sector 
from the RAM 67a at every 8 lines as in a manner of j = 
0 and i = 1 30 to 1 23 and also reads out the parity-check 
codes (P1 to P2) to (P35, P36) used as the 2nd ECC of 
the N sectorcorrespondingtodata of 8 lines each. Then, 
the RAM controller 67c error-checks the user data of 8 
lines each of N sector by use of the 2nd ECC of the N 
sector. The error erasure information for the N sector is 
obtained by this error-checking. Then, the processing 
proceeds to the next step S31 . 
[01 69] I n step S31 , the RAM controller 67c adjusts the 
value of the flag data to be a value indicative of the ON- 
state of the flag. 

[0170] The erasing and correcting routine shown in 



FIG. 1 0 will be described with reference to a flowchart 
of FIG. 12. 

[0171] In step S51 , the RAM controller 67c adjusts the 
value of flag 1 to be a value indicative of the OFF-state 
5 of the flag. 

[0172] It is determined in the next decision step S52 
by the RAM controller 67c whether or not data of the N 
sector erased by errors is less than 1 6 bytes. If a YES 
Is output at decision step S52, then the processing pro- 
ceeds to step S53. If a NO is output at decision step 
S52, then the processing returns to the step S18. 
[0173] In step S53, the RAM controller 67c sequen- 
tially reads out data of the N sector stored in the RAM 
67a and also sequentially reads out the parity-check 
codes (E1 , 1 ) to (E1 6, 1 6) corresponding to these data. 
Then, the RAM controller 67c sequentially calculates 
syndromes of the data of the N sector by use of the cor- 
responding parity-check codes (E1, 1) to (E16, 16). 
[0174] It is determined in the next decision step S54 
by the RAM controller 67c whether or not the error po- 
sition can be detected. If a YES is output at decision 
step S54, then the processing proceeds to the next step 
S55. If on the other hand a NO is output at decision step 
S54, then the processing returns to the step S18. 
[01 75] In step S55, the RAM controller 67c calculates 
a value of error and then reads out data with an error 
occurred therein from the RAM 67a. Then, the RAM con- 
troller 67c error-corrects the data with the error occurred 
therein by adding (modulo-2 addition) the value of the 
error. The RAM controller 67c writes the error-corrected 
data in the original region of the RAM 67a. 
[0176] It is determined in the next decision step S56 
by the RAM controller 67c whether or not all data with 
errors occurred therein have been finished being error- 
corrected. If a YES is output at decision step S56, then 
the processing proceeds to the next step S57. If a NO 
is output at decision step S56, then the processing re- 
turns to the step S55. 

[0177] In step S57, the RAM controller 67c reads out 
the data of the N sector from the RAM 67a and also 
reads out the error-checking parity-check codes CRC1 
to CRC8 from the RAM 67a. Then, the RAM controller 
67c error-checks the data of the N sector by use of the 
error-checking parity-check codes CRC1 to CRC8. 
[0178] It is determined in the next decision step S58 
by the RAM controller 67c on the basis of error-checked 
results using the error-checking parity-check codes 
CRC1 to CRC8 whether or not errors exist. If a YES is 
output at decision step S58, then the processing returns 
to the step S18. If on the other hand a NO is output at 
decision step S58, then the processing returns to the 
stepS11. 

[0179] As described above, according to this embod- 
iment, upon recording, the parity-check codes (E1 , 1)to 
(E16, 16) used as the 1st ECC and the error-checking 
parity-check codes CRC1 to CRC8 are generated from 
the user data DO to D2047 of the N sector and these 
parity-check codes are recorded together with the user 



15 



20 



25 



30 



35 



40 



45 



50 



17 



33 



EP 0 729 150 B1 



34 



data DO to D2047 of the N sector on the N sector. Si- 
multaneously, the parity-check codes P1 to P36 and Q1 
to Q4 (or P1 to P32 and Q1 to Q8) used as the 2nd ECC 
are generated from the user data DO to D2047 of the N 
sector. These parity-check codes are recorded on the 
specific region of the N+1 sector. 
[0180] Upon reproduction, the user data DO to D2047 
of the N sector are error-corrected by use of the 1st 
ECC. If the error position cannot be detected by use of 
the parity-check codes (E1 , 1) to (E16, 1 6) used as the 
1 st ECC or an error is detected when an error is checked 
by the CRC code, then the error erasure information is 
obtained by error-checking the data by use of the parity- 
check codes P1 to P36 and Q1 to Q4 used as the 2nd 
ECC recorded on the specific region of the N+1 sector. 
If the number of data erased by errors is less than 16, 
then syndromes of the data of the N sector are calculat- 
ed by use of the parity-check codes (E1 , 1 ) to (E1 6, 1 6) 
of the N sector. Then, error position information is ob- 
tained on the basis of the calculated results of the syn- 
dromes and the error erasure information. Subsequent- 
ly, the value of error is calculated. The data of N sector 
is read out on the basis of the error position information 
and data with error occurred therein is corrected by add- 
ing (moduio-2 addition) the value of error to the data of 
the N sector. 

[0181] Accordingly, the ordinary high-speed process- 
ing (e.g., processing for reproducing data at high speed 
by use of cache) and the real time processing (e.g., 
processing for reproducing a real moving picture) can 
be carried out in a usual manner. Further, if the parity- 
check codes used as the 2nd ECC are used, then data 
can be reproduced with high reliability and the reliability 
of reproduced data can be improved when an abnormal- 
ity such as a burst error occurs. This becomes particu- 
larly effective in the read-only disk such as read-only op- 
tical disk where the alternate processing based on LRA 
or SSA cannot be carried out. Also, this becomes effec- 
tive in the rewritable disk such as the magneto-optical 
disk when the LRA and SSA cannot be used because 
the high-speed processing is requested. 
[0182] With respect to the read-only regions of the 
read-only optical disk and the partial disk, the parity- 
check codes used as the 2nd ECC are recorded on the 
particular region of the sector next to the sector in which 
data' used to generate the parity-check codes are re- 
corded. With respect to the writable regions of the mag- 
neto-optical disk, the write-once disk and the partial 
disk, the parity-check codes used as the 2nd ECC are 
recorded on the particular region of the sector in which 
data used to generate the parity-check codes are re- 
corded. 

Therefore, the single optical disk drive can use the wri- 
table disk, the read-only disk, and the disk with writable 
and read-only regions. 

[0183] FIG. 13 is a table used to explain a manner in 
which the RAM such as the magneto-optical disk uses 
parity-check codes for the data and the parity-check 



codes shown in FIGS. 6A, 6B and 6C according to the 
sector formats shown in FIGS. 6A, 6B, 6C when the 
7-iine 8-line 7-line pattern is used. 
[0184] While the parity-check codes used as the 2nd 
5 ECC are generated with respect to data of 8 lines as 
described above, as shown in FIG. 13, the 7-line 8-line 
7-line pattern can be applied to the rewritable disk such 
as the magneto-optical disk. 

[0185] As is clear from FIG. 13, the parity-check 

10 codes are paired like P1 , P2, for example. The parity- 
check codes (P1, P2) to (P35, P36) are parity-check 
codes for 7 lines or 8 lines. The parity-check codes (Q1 , 
Q2) are parity-check codes for the parity-check codes 
P1 to P36. The parity-check codes (P3, P4) are parity- 

15 check codes for the parity-check codes P1 to P36 and 
the parity-check codes Q1 and Q2. 
[0186] Specifically, when the parity-check codes P1 
to P36 are generated, (114, 112, 3) Reed-Solomon 
code, (130, 128, 3) Reed-Solomon code and (114, 112, 

20 3) Reed-Solomon code are formed alternately. (114, 
112, 3) Reed-Solomon code, (1300, 128, 3) Reed-Solo- 
mon code and (50, 48, 3) Reed-Solomon code are gen- 
erated finally. Then, when the parity-check codes Q1 to 
Q4 are generated, (40, 36, 5) Reed-Solomon code is 

25 formed. 

[0187] Therefore, even when the burst error occurs, 
there are only the pair of 7 lines and 8 lines and the pair 
of 7 lines and 7 lines. The 7 lines and the 8 lines makes 
15 lines in total and the distance has a spare "2". Further, 

30 the 7. lines and the 7 lines makes 14 lines in total and 
the distance has a spare "3". In other words, an error 
can be checked with the spare of the distance as com- 
pared with the 8-line pattern of the rewritable disk and 
the rewritable region shown in FIG. 10. Therefore, data 

35 can be protected from error with higher reliability. 

[0188] While the parity-check codes used as the 2nd 
ECC generated by the data of the sector SN with last 
data recorded therein when a series of data shown in 
FIG. 7 are recorded are recorded in a specific region of 

40 the sector SN+1 used as an added sector as described 
above, the parity-check codes used as the 2nd ECC of 
the sector Sn and the checking parity-check codes 
CRC1 to CRC8 may be recorded on other region of the 
sector SN+1 . 

^5 [0189] While the data recording region of the sector 
SN+1 is held at all "0"s as described above, if the parity- 
check codes used as the 2nd ECC and the checking 
parity-check codes CRC1 to CRC8 are recorded on this 
recording region, then this data recording region need 

so not be held at all "0"s but the optical disk drive can rec- 
ognize that the sector SN+1 is the added sector. 
[0190] With the above-mentioned arrangement, the 
above effects can of course be remarkably achieved in 
addition to the effects shown in the first embodiment. 

55 [0191] While the data recording region of the sector 
SN+1 used as the added sector shown in FIG. 7 is held 
at all "0"s as described above, simple parity-check 
codes of respective data ranging from the sector 1 to 
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the sector SN may be recorded in this recording region. 
In this case, an error can be corrected by use of these 
simple parity-check codes and data can be protected 
from error with higher reliability. The simple parity-check 
codes are added results which result from adding all us- s 
er data. Upon reproduction, this parity-check code is 
compared with the added results of the user data added 
with the parity-check codes. Because, if an error does 
not occur, then the added results which are obtained by 
adding the user data upon reproduction become equal 
to the values of the parity-check codes. 
[0192] With the above-mentioned arrangement, the 
above effects can of course be remarkably achieved in 
addition to the effects shown in the first embodiment. 
[0193] While the parity-check codes Q1 and Q2 re- 
corded on the specific region are assigned to the parity- 
check codes for 36-byte data of all parity-check codes 
of the specific region of the preceding sector and the 
parity-check codes Q3 and Q4 are assigned to 38-byte 
data of the parity-check codes P1 to P36 of this sector 
and the parity-check codes Q1 and Q2 when the optical 
disk 4 is the read-only disk and the partial disk (only the 
ROM region) as described above, the parity-check 
codes Q1 to Q4 may be assigned to the parity-check 
codes for 36-byte data of all parity-check codes in the 
specific region of the preceding sector. 
[0194] In this case, since the 4-byte parity-check 
codes Q1 to Q4 are used for the parity-check codes P1 
to P36, data can be protected from error with higher re- 
liability as compared with the 2-byte parity. 
[0195] With the above-mentioned arrangement, the 
above effects can of course be remarkably achieved in 
addition to the effects shown in the first embodiment. 
[0196] While no parity-check codes are generated for 
all data of i = 2 to 0 as described above, the present 
invention is not limited thereto and parity-check codes 
may be generated with respect to all data of i = 2 to 0. 
[0197] However, when the parity-check codes P33 
and P34 are generated, leading data of 80 bytes have 
to be set to all "0"s because the whole bytes of i = 2 to 
0 are only 48 bytes and other parity-check codes are 
generated with respect to data of 128 bytes. 
[0198] Specifically, when the parity-check codes P1 
to P38 are generated, (130, 128, 0) Reed-Solomon code 
is formed. When the parity-check codes Q1 and Q2 are 
generated, (40, 38, 3) Reed-Solomon code is generat- 
ed. 

[0199] Therefore, since the parity-check codes are 
assigned to all data of the specific region, data can be 
protected from error with higher reliability. 
[0200] With the above-mentioned arrangement, the 
above effects can of course be remarkably achieved in 
addition to the effects shown in the first embodiment. 
[0201] While the sector is formed as the variable- 
length sector wherein the starting portion and the ending 
portion are determined by a series of recording data as 
described above, the present invention is not limited 
thereto and the sector may be formed as the fixed-length 



sector such as the block unit and the cluster unit. 
[0202] In this case, since the sector is formed as the 
fixed-length sector, the number of sectors to be proc- 
essed becomes always constant, the processing can be 
simplified. 

[0203] With the above-mentioned arrangement, the 
above effects can of course be remarkably achieved in 
addition to the effects shown in the first embodiment. 
[0204] While the parity-check codes used as the 2nd 
ECC generated with respect to the data of N sector are 
recorded on the specific region of the N+1 sector as de- 
scribed above, the present invention is not limited there- 
to and the even-numbered sector and the odd-num- 
bered sector may be replaced with each other. For ex- 
ample, the parity-check codes P1 , P2 of the data DO to 
D1 27 of the even-numbered sector may be recorded on 
specific regions of the even-numbered sector and the 
parity-check codes P 1 , P2 of the data DO to D 1 27 of the 
even-numbered sector may be recorded on specific re- 
gions of the odd-numbered sector. 
[0205] In this case, since the particular region of the 
leading sector used when a series of data are recorded 
need not be set to all "0"s (or fixed data is recorded) and 
the specific region of the added sector need not be set 
to all M 0"s, a recording capacity of one sector can be 
saved and an extra processing such as when the spe- 
cific region is set to all "0"s need not be carried out. 
[0206] With the above-mentioned arrangement, the 
above effects can of course be remarkably achieved in 
addition to the effects shown in the first embodiment. 
[0207] Furthermore, while the reproduced user data, 
the user data error-corrected by the 1st ECC or the user 
data obtained when data was error-checked by the 2nd 
ECC and erasure information-corrected by the 1st ECC 
are checked by the CRC1 to CRC8 as described above, 
the present invention is not limited thereto and the 1st 
ECC and the 2nd ECC also may be checked by the 
CRC1 to CRC8. In this case, an error detection capabil- 
ity can be improved much more. 

INDUSTRIAL APPLICABILITY 

[0208] The data recording/reproducing method, the 
data reproducing apparatus and the recording medium 
according to the present invention can be suitably ap- 
plied to the optical disk drive, for example. Even when 
a burst error occurs, the present invention can efficiently 
execute the processing'and can satisfactorily reproduce 
data without reduction of data recording capacity. 

Claims 

1 . A data recording method comprising the steps of 

(a) generating a first and a second error-cor- 
recting code wherein 
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(a1) the first error-correcting code (Ei; i = 
1...n...N) is a code with a minimum dis- 
tance and is generated of a series (Dai) of 
user data (DO..D2047) of a predetermined 
amount and first parity data (P1..P36) of 
the second error-correcting code (Pi, Qi) 
being a parity check code, 
(a2) the first parity data (P1 ..P36) of the 
second error-correcting code (Pi, Qi) are 
generated of the series (Dai) of user data 
and further second parity data (Q2..Q4) of 
the second error-correcting code (Pi, Qi) 
are generated based on said first parity da- 
ta (P1..P36), 

(a3) wherein the minimum distance of the 
first error-correcting code (Ei) is such that 
at least one error of the user data (Di) is 
correctable even if all data of the second 
error-correcting code (Pi, Qi) are wrong, 

(b) generating data of respective recording 
units (Si; i = 1...-...N, N+1)by 

(b1) adding the first error-correcting code 
(Ei) to the user data (Dai) based on which 
said first error-correcting code (Ei) was 
generated, 

(b2) adding the second error-correcting 
code (Pi, Qi) to user data (Daj; i = i+1 ) other 
than the user data (Dai) based on which 
said second error-correcting code (Pi, Qi) 
was generated and separated from both 
said first error-correcting code (Ei) and said 
user data (Dai) based on which said first 
and second error-correcting codes (Ei, Pi, 
Qi) have been generated, 

(c) recording said data of said respective re- 
cording units (Sc) on a recording medium. 

A data recording method according to claim 1, 
wherein data of a second recording unit (Sn+1) in- 
cluding said second error-correcting code (Pi, Qi) 
and said user data (Daj; i = i+1 ) other than the user 
data (Dai) based on which said, second error-cor- 
recting code (Pi, Qi) was generated are recorded at 
a recording position next to a recording position of 
data of a first recording unit (Sn) including said first 
error-correcting code (Ei) and the user data (Dai) 
based on which said first error-correcting code (Ei) 
was generated. 

A data recording method according to claim 2, 
wherein data of a recording unit (Sn) are generated 
by adding identification data to said second error- 
correcting code (Pi, Qi) concerning last data of said 
predetermined amount in a series of a plurality of 
data of said predetermined amount as data of said 



predetermined amount. 

4. A data recording method according to claim 2, 
wherein identification data are added to leading da- 

5 ta of said predetermined amount in a series 'of a 
plurality of data of said predetermined amount as 
said second error-correcting code (Pi, Qi). 

5. A data recording method according to claim 1 , fur- 
10 ther comprising a step of generating an error-check 

code (CRCi, i=1 ...8) for said series (Dai) of user da- 
ta (DO..D2047) of said predetermined amount and 
wherein data of said recording unit are generated 
by adding said error-check code (CRCi, i=1 ...8) to 
15 relating data of said predetermined amount. 

6. The data recording method of anyone of claims 1 
to 5, further comprising a step of identifying whether 
said recording medium is a non-rewritable record- 

20 ing medium and wherein if the recording medium 
(4) is a non-rewritable recording medium the data 
of respective recording units (Si; M...n...N, N+1) 
are generated by adding said first error-correcting 
code (Ci, Ei; 1=1 ...n...N) and said second error-cor- 

25 recting code (Pi, Qi) to the user data (Dai) based on 
which said first and second error-correcting codes 
(Ei, Pi, Qi) have been generated. 

7. A data reproducing method comprising the steps of: 

30 

(a) reproducing data of a certain recording unit 
(Sn) from a recording medium (4) with data of 
respective recording units (Si; i=1 ...n...N, N+1) 
recorded therein, said data of respective re- 

55 cording units (Si; i=1,..n...N, N+1) being gener- 

ated by generating a first and a second error- 
correcting code wherein the first error-correct- 
ing code (Ei; i = 1 ...n...N) is a code with a min- 
imum distance and is generated of a series 

40 (Dai) of user data (DO..D2047) of a predeter- 

mined amount and first parity data (P1 ..P36) of 
the second error-correcting code (Pi, Qi) being 
a parity check code, the first parity data (PL. 
P36) of the second error-correcting code (Pi, 

45 Qj) are generated of the series (Dai) of user da- 

ta and further second parity data (Q2..Q4) of 
the second error-correcting code (Pi, Qi) are 
generated based on said first parity data (PL. 
P36), wherein the minimum distance of the first 

50 error-correcting code (Ei) is such that at least 

one error of the user data (Di) is correctable 
even if all data of the second error-correcting 
code (Pi, Qi) are wrong, generating data of re- 
spective recording units (Si; i = 1 ...~...N, N+1) 

55 by adding the first error-correcting code (Ei) to 

the user data (Dai) based on which said first 
error-correcting code (Ei) was generated, add- 
ing the second error-correcting code (Pi, Qi) to 
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user data (Daj; i = i+1) other than the user data 
(Dai) based on which said second error-cor- 
recting code (Pi, Qi) was generated and sepa- 
rated from both said first error-correcting code 
(Ei) and said user data (Dai) based on which 5 
said first and second error-correcting codes (Ei, 
Pi, Qi) have been generated, 

(b) detecting on the basis of said first error-cor- 
recting code (Ei) contained in reproduced data 

of said recording unit (Sn) whether or not data 10 
can be error-detected and error-corrected; 

(c) error-detecting and error-correcting said da- 
ta if said data can be error-detected and error- 
corrected; 

(d) regenerating lost information on the basis 15 
of said second error-correcting code (Pi, Qi) 
corresponding to said data of a certain record- 
ing unit (Sn) reproduced from said recording 
unit with said second error-correcting code (Pi, 

Qi) concerning said data of a certain recording 20 
unit (Sn) if said data cannot be error-detected 
and error-corrected; and 

(e) erasure correcting said data of a certain re- 
cording unit (Sn) by use of said erasure infor- 
mation and said first error-correcting code (Ei). 25 

8. The data reproducing method according to claim 7, 
further comprising a step (f) of error-checking data 
error-detected and error-corrected at said step (c) 

on the basis of an error-detecting code of a record- so 
ing unit (Sn), said error-detecting code concerning 
data included in its recording unit (Sn) being added 
to said data of said respective recording units (Si). 

9. The data reproducing method according to claim 8, 35 
wherein said step (d) is executed when an error is 
detected at said step (f). 

10. The data reproducing method according to claim 7, 
further comprising a step (g) for error-checking data 40 
erasure-error-corrected at said step (e) on the basis 

of said error-detecting code of its recording unit, 
said error-detecting code for data included in its re- 
cording unit being added to data of said recording 
unit. 45 

11. The data reproducing method according to claim 7, 
wherein said step (d) is composed of steps of re- 
producing data of said recording unit (Sn) amount 
from a recording unit (Sn) in which said second er- so 
ror-correcting code (Pi, Qi) corresponding to said 
data of a certain recording unit (Sn) is included, er- 
ror-checking reproduced data of said recording unit 
amount by said error-detecting code included in 
said reproduced data of said recording unit amount, 55 
and generating erasure information for said data of 

a certain recording unit by said second error-cor- 
recting code (Pi, Qi) corresponding to said data of 



a certain recording unit when an error is not detect- 
ed by said error-detecting code. 

12. A data reproducing apparatus comprising: 

reproducing means for reproducing data at a 
recording unit (Sn) from a recording medium (4) 
with data of respective recording units (Si; i=1 ... 
n...N, N+1) recorded thereon, each said data of 
respective recording units (Si) being generated 
by generating a first and a second error-cor- 
recting code wherein the first error-correcting 
code (Ei; i = 1 ...n...N) is a code with a minimum 
distance and is generated of a series (Dai) of 
user data (DO..D2047) of a predetermined 
amount and first parity data (P1..P36) of the 
second error-correcting code (Pi, Qi) being a 
parity check code, the first parity data (P1 ..P36) 
of the second error-correcting code (Pi, Qi) are 
generated of the series (Dai) of user data and 
further second parity data (Q2..Q4) of the sec- 
ond error-correcting code (Pi, Qi) are generat- 
ed based on said first parity data (P1..P36), 
wherein the minimum distance of the first error- 
correcting code (Ei) is such that at least one er- 
ror of the user data (Di) is correctable even if 
ail data of the second error-correcting code (Pi, 
Qi) are wrong, generating data of respective re- 
cording units (Si) by adding the first error-cor- 
recting code (Ei) to the user data (Dai) based 
on which said first error-correcting code (Ei) 
was generated, adding the second error-cor- 
recting code (Pi, Qi) to user data (Daj; i = i+1) 
other than the user data (Dai) based on which 
said second error-correcting code (Pi, Qi) was 
generated and separated from both said first er- 
ror-correcting code (Ei) and said user data 
(Dai) based on which said first and second er- 
ror-correcting codes (Ei, Pi, Qi) have been gen- 
erated, 

memory means (67b) for "storing the repro- 
duced data of at least said data of predeter- 
mined amount and said other data of predeter- 
mined amount, 

error-correcting means (60-64, 67c) for detect- 
ing on the basis of said first error-correcting 
codes (Ei; i=1 ...n...N) contained in reproduced 
data of recording unit whether or not errors can 
be detected and corrected, detecting and cor- 
recting said errors if said errors can be detected 
and corrected, generating erasure information 
on the basis of said second error-correcting 
code (Pi, Qi) corresponding to data of a certain 
recording unit reproduced from a recording unit 
which contains said second error-correcting 
code (Pi, Qi) corresponding to said data of a 
certain recording unit if said errors cannot be 
detected and corrected, and erasing and cor- 
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reeling said data of a certain recording unit by 
use of said erasure information and said first 
error-correcting code (Ei) and 
outputting means (70, 71 , 3) for outputting the 
error corrected data. 

13. The data reproducing apparatus according to claim 

12, wherein said data of said recording unit is added 
with an error-detecting code (CRCi, 1=1 ...8) with re- 
spect to data contained in said recording unit (Sn) 
and said error-correcting means error-checks said 
detected and corrected data on the basis of the er- 
ror-detecting code of its recording unit. 

14. The data reproducing apparatus according to claim 

13, wherein said error : correcting means (60-64, 
67c) generates erasure information on the basis of 
said second error-correcting code (Pi, Qi) corre- 
sponding to said data of a certain recording unit (Sn) 
reproduced from a recording unit (Sn) which con- 
tains said second error-correcting code (Pi, Qi) cor- 
responding to said data of a certain recording unit 
(Sn) when errors are detected by said error-check- 
ing and erases and corrects said data of a certain 
recording unit (Sn) by use of said erasure informa- 
tion and said first error-correcting code (Ei; i=1 ...n... 
N).. 

15. The data reproducing apparatus according to claim 
12, wherein a error-detecting code for error-detect- 
ing data contained in said recording unit (Sn) are 
added to said data of said recording unit (Sn) is said 
error-correcting means (60-64, 67c) error-checks 
said erased and corrected data on the basis of said 
error-detecting code of said recording unit (Sn); 

16. The data reproducing apparatus according to claim 
12, wherein said error-correcting means (60-64, 
67c) error-checks data of said recording unit (Sn) 
reproduced from a recording unit (Sn) which con- 
tains said second error-correcting code (Pi, Qi) cor- 
responding to said data of a certain recording unit 
(Sn) by said error-detecting code contained in re- 
produced data of said recording unit (Sn) if errors 
cannot be detected and corrected, and generates 
erasure information for said data of a certain record- 
ing unit (Sn) on the basis of said second error-cor- 
recting code (Pi, Qi) corresponding to said data of 
a certain recording unit (Sn) if errors are not detect- 
ed by said error-detecting codes. 

17. A data reproducing apparatus of anyone of claims 
1 2 to 1 6 further comprising: 

identifying means for identifying (c1 ) whether 
said recording medium (4) is a non-rewritable 
recording medium having recorded thereon 
said data of respective recording units (Si; i=1 ... 



n...N, N+1) generated by adding said first error- 
correcting code (Ci, Ei; i=1...n...N) and said 
second error-correcting code (Pi, Qi) to the us- 
er data (Dai) based on which said first and sec- 
5 ond error-correcting codes (Ei, Pi, Qi) have 

been generated. 

18. A recording medium having recorded thereon data 
of respective recording units (Si; i=1...n...N, N+1), 

10 said data of respective recording units (Si; i=1 ...n... 
N, N+1) being generated by 

(a) generating a first and a second error-cor- 
recting code wherein 

15 

(a1) the first error-correcting code (Ei; i = 
1...n...N) is a code with a minimum dis- 
tance and is generated of a series (Dai) of 
user data (DO..D2047) of a predetermined 

20 amount and first parity data (P1..P36) of 

the second error-correcting code (Pi, Qi) 
being a parity check code, 
(a2) the first parity data (P.1..P36) of the 
second error-correcting code (Pi, Qi) are 

25 generated of the series (Dai) of user data 

and further second parity data (Q2..Q4) of 
the second error-correcting code (Pi, Qi) 
are generated based on said first parity da- 
ta (P1..P36), 

30 (a3) wherein the minimum distance of the 

first error-correcting code (Ei) is such that 
at least one error of the user data (Di) is 
correctable even if ail data of the second 
error-correcting code (Pi, Qi) are wrong, 

35 

(c) generating data of respective recording 
units (Si; i= 1. ...... N, N+1) by 

(b1) adding the first error-correcting code 
40 (Ei) to the user data (Dai) based on which 

said first error-correcting code (Ei) was 
generated, 

(b2) adding the second error-correcting 
code (Pi, Qi) to user data (Daj; i = i+1 ) other 

45 than the user data (Dai) based on which 

said second error-correcting code (Pi, Qi) 
was generated and separated from both 
said first error-correcting code (Ei) and said 
user data (Dai) based on which said first 

so and second error-correcting codes (Ei, Pi, 

Qi) have.been generated. 

19. The recording medium according to claim 18, 
wherein data of a second recording unit (Sn+1) in- 

55 eluding said second error-correcting code (Pi, Qi) 
and said user data (Daj; i = i+1 ) other than the user 
data (Dai) based on which said second error-cor- 
recting code (Pi, Qi) was generated are recorded at 



22 



43 



EP 0 729 150 B1 



44 



a recording position next to a recording position of 
data of a first recording unit (Sn) including said first 
error-correcting code (Ei) and the user data (Dai) 
based on which said first error-correcting code (Ei) 
was generated. 

20. A recording medium according to claim 1 9, wherein 
data of said recording unit (Sn) formed by adding 
identification data as data of said predetermined 
amount are recorded with respect to said second 
error-correcting code (Pi, Qi) concerning last data 
of said predetermined amount in a series of data of 
said predetermined amount. 

21 . A recording medium according to claim 20, wherein 
identification data is added to leading data of said 

. predetermined amount in a series of data of said 
predetermined amount as said second error-cor- 
recting code (Pi, Qi). 

22. A recording medium according to claim 1 8, wherein 
said data of said respective recording units (Si; 
i=1..,n...N, N+1) contain error-check code (CRCi, 
1=1. ..8) concerning data of said predetermined 
amount contained in its recording unit (Sn). 

23. A recording medium according to claim 1 8, wherein 
said recording medium is formed of a rewritable re- 
cording medium. 



Patentanspruche 

1. Datenaufzeichnungsverfahren, welches folgende 
Schritte aufweist: 

(a) Erzeugen eines ersten und eines zweiten 
Fehlerkorrekturcodes, wobei 

(a1) der erste Fehlerkorrekturcode (Ei; i = 
1 ... n ... N) ein Code mit einem minimalen 
Abstand ist und von einer Reihe (Dai) von 
Benutzerdaten (DO ... D2047) einer vorher 
festgelegten Menge erzeugt wird und wo- 
bei erste Paritatsdaten (P1 ... P36) des 
zweiten Fehterkorrekturcodes (Pi, Qi) ein 
Paritatsprufcode sind, 
(a2) die ersten Paritatsdaten (P1 ... P36) 
des zweiten Fehlerkorrekturcodes (Pi, Qi) 
von der Reihe (Dai) von Benutzerdaten er- 
zeugt werden, und auBerdem zweite Pari- 
tatsdaten (Q2 ... Q4) des zweiten Fehler- 
korrekturcodes (Pi, Qi) auf der Basis der 
ersten Paritatsdaten (P1 ... P36) erzeugt 
werden, 

(a3) wobei der minimale Abstand des er- 
sten Fehlerkorrekturcodes (Ei) so ist, dass 
zumindest ein Fehler der Benutzerdaten 



(Di) korrigierbar ist, sogar, wenn alle Daten 
des zweiten Fehlerkorrekturcodes (Pi, Qi) 
falsch sind, 

5 (b) Erzeugen von Daten von entsprechenden 

Aufzeichnungseinheiten (Si; i = 1 ... - ... N, 
N+1), durch 

(b1) Hinzufugen des ersten Fehlerkorrek- 
io turcodes (Ei) zu den Benutzerdaten (Dai), 

auf deren Basis der erste Fehlerkorrektur- 
code (Ei) erzeugt wurde, 
(b2) Hinzufugen des zweiten Fehlerkorrek- 
turcodes (Pi, Qi) zu Benutzerdaten (Daj: i 
is = j+1 ) auBer den Benutzerdaten (Dai), auf 

deren Basis der zweite Fehlerkorrektur- 
code (Pi, Qi) erzeugt wurde und getrennt 
von sowohl dem ersten Fehlerkorrektur- 
code (Ei) als auch den Benutzerdaten 
20 (Dai), auf deren Basis der erste und der 

zweite Fehlerkorrekturcode (Ei, Pi, Qi) er- 
zeugt wurde, 

(c) Aufzeichnen der Daten der entsprechenden 
25 Aufzeichnungseinheiten (Sc) auf einem Auf- 

zeichnungstrager. 

2. Datenaufzeichnungsverfahren nach Anspruch 1, 
wobei Daten einer zweiten Aufzeichnungseinheit 

30 (Sn + 1); die den zweiten Fehlerkorrekturcode (Pi, 
Qi) aufweisen, und die Benutzerdaten (Daj; i = i+1) 
auBer den Benutzerdaten (Dai), auf deren Basis der 
zweite Fehlerkorrekturcode (Pi, Qi) erzeugt wurde, 
an einer Aufzeichnungsposition im Anschluss an ei- 

35 ne Datenaufzeichnungsposition einer ersten Auf- 
zeichnungseinheit (Sn) aufgezeichnet werden, die 
den ersten Fehlerkorrekturcode (Ei) und die Benut- 
zerdaten (Dai) aufweist, auf deren Basis der erste 
Fehlerkorrekturcode (Ei) erzeugt wurde. 

40 

3. Datenaufzeichnungsverfahren nach Anspruch 2, 
wobei Daten einer Aufzeichnungseinheit (Sn) durch 
Hinzufugen von Identifikationsdaten zum zweiten 
Fehlerkorrekturcode (Pi, Qi) hinsichtlich letzter Da- 

45 ten der vorher festgelegten Menge in einer Reihe 
von mehreren Daten der vorher festgelegten Men- 
ge als Daten der vorher festgelegten Menge er- 
zeugt werden. 

so 4. Datenaufzeichnungsverfahren nach Anspruch 2, 
wobei Identifikationsdaten den Anfangsdaten der 
vorher festgelegten Menge in einer Reihe von meh- 
reren Daten der vorher festgelegten Menge als 
zweiter Fehlerkorrekturcode (Pi, Qi) hinzugefugt 

55 werden. 

5. Datenaufzeichnungsverfahren nach Anspruch 1, 
welches auBerdem einen Schritt aufweist, urn einen 
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6. 



7. 



Fehlerprufcode (CRCi, i = 1 ... 8) fur die Reihe (Dai) 
von Benutzerdaten (DO ... D2047) der vorher fest- 
gelegten Menge zu erzeugen, und wobei Daten der 
Aufzeichnungseinheit durch Hinzufugung des Feh- 
lerprufcodes (CRCi, i = 1 ... 8) zu den betreffenden 
Daten der vorher festgelegten Menge erzeugt wer- 
den. 

Datenaufzeichnungsverfahren nach einem der An- 
spruche 1 bis 5, welches auBerdem einen Schritt 
aufweist, urn zu identifizieren, ob der Aufzeich- 
nungstrager ein nichtbeschreibbarer Aufzeich- 
nungstrager ist, und wobei, wenn der Aufzeich- 
nungstrager (4) ein nichtbeschreibbarer Aufzeich- 
nungstrager ist, die Daten von entsprechenden Auf- 
zeichnungseinheiten (Si; i = 1 ... n ... N; N+1) unter 
Hinzufugung des ersten Felilerkorrekturcodes (Ci, 
Ei; i = 1, ... n ... N) und des zweiten Felilerkorrek- 
turcodes (Pi, Qi) zu den Benutzerdaten (Dai) er- 
zeugt werden, auf deren Basis der erste und der 
zweite Fehlerkorrekturcode (Ei, Pi, Qi) erzeugt wur- 
de. 



Datenwiedergabeverfahren, 
Schritte aufweist: 



welches folgende 



(a) Wiedergeben von Daten einer bestimmten 
Aufzeichnungseinheit (Sn) von einem Auf- 
zeichnungstrager (4), wobei Daten von ent- 
sprechenden Aufzeichnungseinheiten (Si; i = 
1 ... n ... N, N+1) darauf aufgezeichnet sind, 
' wobei die Daten der jeweiligen Aufzeichnungs- 
einheiten (Si; i = 1 ... n ... N, N+1) durch Erzeu- 
gen eines ersten und eines zweiten Fehlerkor- 
rekturcodes erzeugt werden, wobei der erste 
Fehlerkorrekturcode (Ei; i 0 1 ... n ... N) ein Co- 
de mit einem minimalen Abstand Ist und von ei- 
ner Reihe (Dai) von Benutzerdaten (DO... 
D2047) einer vorher festgelegten Menge er- 
zeugt wird und die ersten Paritatsdaten (P1 ... 
P36) des zweiten Fehlerkorrekturcodes (Pi, Qi) 
ein Paritatsprufcode sind, die ersten Paritats- 
daten (P1 ... P36) des zweiten Fehlerkorrektur- 
codes (Pi, Qi) von der Reihe (Dai) von Benut- 
zerdaten erzeugt werden und auBerdem zweite 
Paritatsdaten (Q2 ... Q4) des zweiten Fehler- 
korrekturcodes (Pi, Qi) auf der Basis der ersten 
Paritatsdaten (P1 ... P36) erzeugt werden, wo- 
bei derminimale Abstand des ersten Fehlerkor- 
rekturcodes (Ei) so ist, dass zumindest ein Feh- 
ler der Benutzerdaten (Di) korrigierbar ist, so- 
gar, wenn alle Daten des zweiten Fehlerkorrek- 
turcodes (Pi, Qi) falsch sind, Erzeugen von Da- 
ten von entsprechenden Aufzeichnungseinhei- 
ten (Si; i = 1 ... N, N+1) unter Hinzufugung 
des ersten Fehlerkorrekturcodes (Ei) zu den 
Benutzerdaten (Dai), auf deren Basis der erste 
Fehlerkorrekturcode (Ei) erzeugt wurde, Hinzu- 
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fugen des zweiten Fehlerkorrekturcodes (Pi, 
Qi) zu den Benutzerdaten(Daj; i = i+1) auBer 
den Benutzerdaten (Dai) auf deren Basis der 
zweite Fehlerkorrekturcode (Pi, Qi) erzeugt 
wurde und getrennt von sowohl dem ersten 
Fehlerkorrekturcode (Ei) als auch den Benut- 
zerdaten (Dai), auf deren Basis der erste und 
zweite Fehlerkorrekturcode (Ei, Pi, Qi) erzeugt 
wurde, 

(b) Ermitteln auf der Basis des ersten Fehler- 
korrekturcodes (Ei), der in den Wiedergabeda- 
ten der Aufzeichnungseinheit (Sn) enthalten 
ist, ob Daten fehlermittelt und fehler-korrigiert 
werden konnen oder nicht; 

(c) Fehlerermittlung und Fehlerkorrektur der 
Daten, wenn die Daten fehlerermittelt und feh- 
ler-korrigiert werden konnen; 

(d) Erzeugen verlorener Information auf der Ba- 
sis des zweiten Fehlerkorrekturcodes (Pi, Qi) 
entsprechend den Daten einer bestimmten 
Aufzeichnungseinheit (Sn), die von der Auf- 
zeichnungseinheit mit dem zweiten Fehlerkor- 
rekturcode (Pi, Qi) reproduziert werden, hin- 
sichtlich der Daten einer bestimmten Aufzeich- 
nungseinheit (Sn), wenn die Daten nichtfehler- 
ermittelt und fehlerkorrigiert werden konnen; 
und 

(e) Loschkorrigieren der Daten einer bestimm- 
ten Aufzeichnungseinheit (Sn) unter Verwen- 
dung der Losch information und des ersten Feh- 
lerkorrekturcodes (Ei). 

Datenwiedergabeverfahren nach Anspruch 7, wel- 
ches auBerdem einen Schritt (f) aufweist, urn Da- 
ten, welche im Schritt (c) fehlerermittelt und fehler- 
korrigiert wurden, nach Fehlem zu prufen, auf der 
Basis eines Fehlerermittlungscodes einer Auf- 
zeichnungseinheit (Sn), wobei der Fehlerermitt- 
lungscode Daten betrifft, welche in dessen Auf- 
zeichnungseinheit (Sn) enthalten sind, welche den 
Daten der entsprechenden Aufzeichnungseinhei- 
ten (Si) hinzugefugt wurden. 

Datenwiedergabeverfahren nach Anspruch 8, wo- 
bei der Schritt (d) ausgefuhrt wird, wenn im Schritt 
(f) ein Fehler ermittelt wird. 
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10. Datenwiedergabeverfahren nach Anspruch 7, wel- 
ches auBerdem einen Schritt (g) ausweist, urn Da- 
ten, welche im Schritt (e) auf der Basis des Fehler- 
ermittlungscodes von dessen Aufzeichnungsein- 
heit loschfehler-korrigiert wurden, auf Fehler zu 
prufen, wobei der Fehlerkorrekturcode fur Daten, 
welche in dessen Aufzeichnungseinheit enthalten 
sind, den Daten der Aufzeichnungseinheit hinzuge- 
fugt werden. 

11. Datenwiedergabeverfahren nach Anspruch 7, wo- 
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bei der Schritt (d) aus folgenden Schritten besteht: 
Reproduzieren von Daten der Aufzeichnungsein- 
heit (Sn) von einer Aufzeichnungseinheitsmenge 
(Sn), in welcherderzweite Fehlerkorrekturcode (Pi, 
Qi), der den Daten einer bestimmten Aufzeich- 
nungseinheit (Sn) entspricht, enthalten ist, Fehler- 
priifen reproduzie iter Daten der Aufzeichnungsein- 
heitsmenge durch den Fehlerermittlungscode, der 
in den wiedergegebenen Daten der Aufzeichnungs- 
einheitsmenge enthalten ist, und Erzeugen einer 
Ldschinformation fur die Daten einer bestimmten 
Aufzeichnungseinheit durch den zweiten Fehler- 
korrekturcode (Pi, Qi), der den Daten einer be- 
stimmten Aufzeichnungseinheit entspricht, wenn 
ein Fehler durch den Eehlereimittlungscode nicht 
ermittelt wird. 

12. Datenwiedergabegerat, welches aufweist: 

eine Wiedergabeeinrichtung zum Reproduzie- 
ren von Daten in einer Aufzeichnungseinheit 
(Sn) von einem Aufzeichnungstrager (4), wobei 
Daten von entsprechenden Aufzeichnungsein- 
heiten (Si; i = 1 ... n ... N, N+1) darauf aufge- 
zeichnet sind, wobei die Daten von entspre- 
chenden Aufzeichnungseinheiten (Si) unter Er- 
zeugung eines ersten und eines zweiten Feh- 
lerkorrekturcodes erzeugt werden, wobei der 
erste Fehlerkorrekturcode (Ei; i = 1 ... n ... N) 
ein Code mit einem minimalen Abstand ist und 
aus einer Reihe (Dai) von Benutzerdaten 
(DO ... D2047) einervorherfestgelegten Menge 
erzeugt wird und die ersten Paritatsdaten 
(P1 ... P36) des zweiten Fehlerkorrekturcodes 
Pi, Qi) ein Paritatsprufcode sind, die ersten Pa- 
ritatsdaten (P1 ... P36) des zweiten Fehlerkor- 
rekturcodes (Pi, Qi) von der Reihe (Dai) von Be- 
nutzerdaten erzeugt werden und auBerdem die 
zweiten Paritatsdaten (Q2 ... Q4) des zweiten 
Fehlerkorrekturcodes (Pi, Qi) auf der Basis der 
ersten Paritatsdaten (Pi ... P36) erzeugt wer- 
den, wobei der minimale Abstand des ersten 
Fehlerkorrekturcodes (Ei) so ist, dass zumin- 
dest ein Fehler der Benutzerdaten (Di) korri- 
gierbar ist, sogar, wenn alle Daten des zweiten 
Fehlerkorrekturcodes (Pi, Qi) falsch sind, Er- 
zeugen von Daten von entsprechenden Auf- 
zeichnungseinheiten (Si) unter Hinzufugung 
des ersten Fehlerkorrekturcodes (Ei) zu den 
Benutzerdaten (Dai), auf deren Basis der erste 
Fehlerkorrekturcode (Ei) erzeugt wurde, Hinzu- 
fugen des zweiten Fehlerkorrekturcodes (Pi, 
Qi) zu Benutzerdaten (Daj; i = i+1) aufBer den 
Benutzerdaten (Dai), auf deren Basis der zwei- 
te Fehlerkorrekturcode (Pi, Qi) erzeugt wurde 
und getrennt von sowohl dem ersten Fehlerkor- 
rekturcode (Ei) als auch den Benutzerdaten 
(Dai), auf deren Basis der erste undzweite Feh- 



lerkorrekturcode (Ei, Pi, Qi) erzeugt wurde, 
einen Speicher (67b), urn die Wiedergabeda- 
ten von zumindest den Daten der vorher fest- 
gelegten Menge und die anderen Daten der 

s vorher festgelegten Menge zu speichern, 

eine Fehlerkorrektureinrichtung (60-64, 67c) 
zur Ermittlung auf der Basis der ersten Fehler- 
korrekturcodes (Ei; i = 1 ... n ... N), die in den 
Wiedergabedaten der Aufzeichnungseinheit 

10 enthalten sind, ob Fehler ermittelt und korrigiert 

werden konnen oder nicht, zum Ermittein und 
Korrigieren der Fehler, wenn die Fehler ermit- 
telt und korrigiert werden konnen, zum Erzeu- 
gen einer Ldschinformation auf der Basis des 

15 zweiten Fehlerkorrekturcodes (Pi, Qi), der Da- 

ten einer bestimmten Aufzeichnungseinheit 
entspricht, die von einer Aufzeichnungseinheit 
wiedergegeben werden, welche den zweiten 
Fehlerkorrekturcode (Pi, Qi) enthalt, der den 

20 Daten einer bestimmten Aufzeichnungseinheit 

entspricht, wenn Fehler nicht ermittelt und kor- 
rigiert werden konnen, und zum Loschen und 
Korrigieren der Daten einer bestimmten Auf- 
zeichnungseinheit unter Verwendung der L6- 

25 schinformation und des ersten Fehlerkorrektur- 

codes (Ei), und 

eine Ausgabeeinrichtung (70, 71 , 3) zur Ausga- 
be der fehlerkorrigierten Daten. 

30 13. Datenwiedergabegerat nach Anspruch 12, wobei 
die Daten der Aufzeichnungseinheit mit einem Feh- 
lerermittlungscode (CRCi, i a 1 ... 8) in bezug auf 
die Daten erganzt werden, welche in der Aufzeich- 
nungseinheit (Sn) enthalten sind, und die Fehler- 

35 korrektureinrichtung die ermittelten und korrigierten 
Daten auf der Basis des Fehlerermittlungscodes 
von dessen Aufzeichnungseinheit auf Fehler uber- 
pruft. 

40 14. Datenwiedergabegerat nach Anspruch 13, wobei 
die Fehlerkorrektureinrichtung (60-64, 67c) L6- 
sch information auf der Basis des zweiten Fehler- 
korrekturcodes (Pi, Qi) erzeugt, die den Daten einer 
bestimmten Aufzeichnungseinheit (Sn) entspricht, 

45 die von einer Aufzeichnungseinheit (Sn) reprodu- 
ziert wird, welche den zweiten Fehlerkorrekturcode 
(Pi, Qi) enthalt, der den Daten einer bestimmten 
Aufzeichnungseinheit (Sn) entspricht, wenn Fehler 
durch die Fehlerprufung ermittelt werden, und die 

so Daten einer bestimmten Aufzeichnungseinheit (Sn) 
unter Verwendung der Losch information und des 
Fehlerkorrekturcodes (Ei; i = 1 ... n ... N) loscht und 
korrigiert. 

55 15. Datenwiedergabegerat nach Anspruch 12, wobei 
ein Fehlerermittlungscode zum Fehlerenmitteln von 
Daten, welche in der Aufzeichnungseinheit (Sn) 
enthalten sind, den Daten der Aufzeichnungsein- 
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heit (Sn) hinzugefugt sind, wenn die Fehlerkorrek- 
tureinrichtung (60-64, 67c) die geloschten und kor- 
rigierten Daten auf der Basis des Fehlerermittlungs- 
codes der Aufzeichnungseinheit (Sn) auf Fehler 
uberpruft. 

16. Datenwiedergabegerat nach Anspruch 12, wobei 
die Fehlerkorrektureinrichtung (60-64, 67c) Daten 
der Aufzeichnungseinheit (Sn), welche von einer 
Aufzeichnungseinheit (Sn) reproduziert werden, 
welche den zweiten Fehlerkorrekturcode (Pi, Qi) 
enthalten, entsprechend den Daten einer bestimm- 
ten Aufzeichnungseinheit (Sn) durch den Fehlerer- 
mittlungscode auf Fehier uberpruft, welche in den 
reproduzierten Daten der Aufzeichnungseinheit 
(Sn) enthalten sind, wenn Fehler nicht ermittelt und 
korrigiert werden konnen, und eine Loschinformati- 
on fur die Daten einer bestimmten Aufzeichnungs- 
einheit (Sn) auf der Basis des zweiten Fehlerkor- 
rekturcodes (Pi, Qi) erzeugt, der den Daten einer 
bestimmten Aufzeichnungseinheit (Sn) entspricht, 
wenn Fehler durch die Fehlerermittlungscodes 
nicht ermittelt werden. 

17. Datenwiedergabegerat nach einem der Anspruche 
12 bis 16, welches auBerdem aufweist: 

eine Identifikationseinrichtung, urn zu identifi- 
zieren (c1 ), ob der Aufzeichnungstrager (4) ein 
nicht-wiederbeschreibbarer Aufzeichnungstra- 
ger ist, auf dem Daten von entsprechenden 
Aufzeichnungseinheiten (Si; i = 1 ... n ... N, 
N+1) aufgezeichnet sind, welche unter Hinzu- 
fugung des ersten Fehlerkorrekturcodes (Ci, 
Ei; i 0 1 ... n ... N) und des zweiten Fehlerkor- 
rekturcodes (Pi, Qi) zu den Benutzerdaten 
(Dai) erzeugt werden, auf deren Basis der erste 
und der zweite Fehlerkorrekturcode (Ei, Pi, Qi) 
erzeugt wurde. 

18. Aufzeichnungstrager, auf dem Daten von entspre- 
chenden Aufzeichnungseinheiten (Si; i = 1 ... n ... 
N, N+1) aufgezeichnet sind, wobei die Daten von 
entsprechenden Aufzeichnungseinheiten (Si; i = 
1 ... n ... N, N+1) erzeugt sind durch: 

(a) Erzeugen eines ersten und eines zweiten 
Fehlerkorrekturcodes, wobei 

(a1) der erste Fehlerkorrekturcode (Ei; i = 
1 ... n ... N) ein Code mit einem minimalen 
Abstand ist und von einer Reihe (Dai) von 
Benutzerdaten, (DO ... D2047) einer vorher 
festgelegten Menge erzeugt wird und wo- 
bei erste Paritatsdaten (P1 ... P36) des 
zweiten Fehlerkorrekturcodes (Pi, Qi) ein 
Paritatsprufcode sind, 
(a2) die ersten Paritatsdaten (P1 ... P36) 



des zweiten Fehlerkorrekturcodes (Pi, Qi) 
von der Reihe (Dai) von Benutzerdaten er- 
zeugt sind, und auBerdem zweite Paritats- 
daten (Q2 ... Q4) des zweiten Fehlerkor- 
s rekturcodes (Pi, Qi) auf der Basis der er- 

sten Paritatsdaten (P1 ... P36) erzeugt 
werden, 

(a3) wobei der minimale Abstand des er- 
sten Fehlerkorrekturcodes (Ei) so ist, dass 
10 zumindest ein Fehler der Benutzerdaten 

(Di) korrigierbar ist, sogar, wenn alle Daten 
des zweiten Fehlerkorrekturcodes (Pi, Qi) 
falsch sind, 

15 (c) Erzeugen von Daten von entsprechenden 

Aufzeichnungseinheiten (Si; i = 1 ... ~ ... n, 
N+1) durch 

(b1) Hinzufugen des ersten Fehlerkorrek- 
20 turcodes (Ei) zu den Benutzerdaten (Dai) 

auf der Basis, welcher erste Fehlerkorrek- 
turcode (Ei) erzeugt wurde, 
(b2) Hinzufugen des zweiten Fehlerkorrek- 
turcodes (Pi, Qi) zu Benutzerdaten (Daj; i 
25 = i+1 ) auBer den Benutzerdaten (Dai), auf 

deren Basis der zweite Fehlerkorrektur- 
code (Pi, Qi) erzeugt wurde und getrennt 
von sowohl dem ersten Fehlerkorrektur- 
code (Ei) und als auch den Benutzerdaten 
30 (Dai), auf deren Basis der erste und der 

zweite Fehlerkorrekturcode (Ei, Pi, Qi) er- 
zeugt wurde. 

19. Aufzeichnungstrager nach Anspruch 1 8, wobei Da- 
35 ten einer zweiten Aufzeichnungseinheit (Sn+1), 

welche den zweiten Fehlerkorrekturcode (Pi, Qi) 
und die Benutzerdaten (Daj; i = i+1) aufweisen, au- 
Ber den Benutzerdaten (Dai), auf deren Basis der 
zweite Fehlerkorrekturcode (Pi, Qi) erzeugt wurde, 

40 an einer Aufzeichnungsposition im Anschluss an ei- 
ne Datenaufzeichnungsposition einer ersten Auf- 
zeichnungseinheit (Sn) aufgezeichnet werden, wel- 
che den ersten Fehlerkorrekturcode (Ei) und die 
Benutzerdaten (Dai) aufweist, auf deren Basis der 

45 erste Fehlerkorrekturcode (Ei) erzeugt wurde. 

20. Aufzeichnungstrager nach Anspruch 1 9, wobei Da- 
ten der Aufzeichnungseinheit (Sn), welche unter 
Hinzufugung von Identifikationsdaten als Daten der 

so vorher festgelegten Menge gebildet sind, in bezug 
auf den zweiten Fehlerkorrekturcode (Pi, Qi) aufge- 
zeichnet sind, hinsichtlich zumindest von Daten der 
vorher festgelegten Menge in einer Reihe von Da- 
ten der vorher festgelegten Menge. 

55 

21. Aufzeichnungstrager nach Anspruch 20, wobei 
Identifikationsdaten den Anfangsdaten der vorher 
festgelegten Menge in einer Reihe von Daten der 
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vorher festgelegten Menge als zweiter Fehlerkor- 
rekturcode (Pi, Qi) hinzugefugt sind. 

22. Aufzeichnungstrager nach Anspruch 18, wobei die 
Daten der entsprechenden Aufzeichnungseinhei- 
ten (Si; i = 1 ... n ... N, N+1) einen Fehlerprufcode 
(CRCi, i = 1 ... 8) hinsichtlich der Daten der vorher 
festgelegten Menge enthalten, welche in dessen 
Aufzeichnungseinheit (Sn) enthalten ist. 

23. Aufzeichnungstrager nach Anspruch 18, wobei der 
Aufzeichnungstrager aus einem umschreibbaren 
Aufzeichnungstrager gebildet.ist 



Revendications 

1 . Un proc6d6 d'enregistrement de donnees compre- 
nant !es etapes suivantes : 

(a) on genere un premier et un second code 
correcteur d'erreurs dans lequel 

(a1) le premier code correcteur d'erreurs 
(Ei; i = 1 ... n ... N) est un code avec une 
distance minimale et est genere k partir 
d'une serie (Dai) de donnees d'utilisateur 
(DO ... D2047) d'une quantity predetermi- 
nee, et des premieres donnees de parite 
(P1 ... P36) du second code correcteur 
d'erreurs (Pi, Qi) etant un code de controle 
de parite; 

(a2) les premieres donnees de parite 
(P1 ... P36) du second code correcteur 
d'erreurs (Pi, Qi) sont generees k partir de 
la serie (Dai) de donnees d'utilisateur, et en 
outre des secondes donnees de partie 
(Q2 ... Q4) du second code correcteur d'er- 
reurs (Pi, Qi) sont generees sur la base des 
premieres donnees de parite (P1 ... P36), 
(a3) dans lequel la distance minimale du 
premier code correcteur d'erreurs (Ei) est 
telle qu'au moins une erreur des donnees 
d'utilisateur (Di) peut etre corrigee meme 
si toutes les donnees du second code cor- 
recteur d'erreurs (Pi, Qi) sont erronees, 

(b) on genere des donnees d'unites d'enregis- 
trement respectives (Si; i = 1 ... - ... N, N+1) en 

(b1) ajoutant le premier code correcteur 
d'erreurs (Ei) aux donnees d'utilisateur 
(Dai) sur la base desquelles le premier co- 
de correcteur d'erreurs (Ei) a ete genere, 
(b-2) ajoutant le second code correcteur 
d'erreurs (Pi, Qi) k des donnees d'utilisa- 
teur (Daj; i = 1+1) autres que les donn6es 
d'utilisateur (Dai) sur la base desquelles le 



second code correcteur d'erreurs (Pi, Qi) a 
ete genere, et separees k la f ois du premier 
code correcteur d'erreurs (Ei) et des don- 
nees d'utilisateur (Dai) sur la base des- 
s quelles les premier et second codes cor- 

recteurs d'erreurs (Ei, Pi, Qi) ont 6t6 gene- 
res, 

(c) on enregistre sur un support d'enregistre- 
w ment les donnees des unites d'enregistrement 

respectives (Sc). 

2. Un proced§ d'enregistrement de donnees selon la 
revendication 1 , dans lequel des donnees d'une se- 

15 conde unite d'enregistrement (Sn+1) incluant le se- 
cond code correcteur d'erreurs (Pi, Qi) et les don- 
nees d'utilisateur (Daj; i = i+1) autres que les don- 
nees d'utilisateur (Dai) sur la base desquelles le se- 
cond code correcteur d'erreurs (Pi, Qi) a ete genere, 

20 sont enregistrees k une position d'enregistrement 
venant k la suite d'une position d'enregistrement de 
donnees d'une premiere unite d'enregistrement 
(Sn) incluant le premier code correcteur d'erreurs 
(Ei) et les donnees d'utilisateur (Dai) sur la base 

25 desquelles le premier code correcteur d'erreurs (Ei) 
a ete genete. 

3. Un procede d'enregistrement de donnees selon la 
revendication 2, dans lequel des donnees d'une 

30 unite d'enregistrement (Sn) sont gen6r§es en ajou- 
tant des donnees d'identification au second code 
correcteur d'erreurs (Pi, Qi) concemantdes dernie- 
res donnees de la quantite predeterminee dans une 
serie d'une multiplicity de donnees de la quantite 

35 predeterminee, en tant que donnees de la quantite 
ptedeterminee. 

4. Un procede d'enregistrement de donnees selon la 
revendication 2, dans lequel des donnees d'identi- 

40 fication sont ajoutees aux donnees de tete de la 
quantite predeterminee dans une s6rie d'une mul- 
tiplicite de donnees de la quantite ptedeterminee, 
en tant que second code correcteur d'erreurs (Pi, 
Qi). 

45 

5. Un procede d'enregistrement de donnees selon la 
revendication 1 , comprenant en outre une etape de 
generation d'un code de contr6le d'erreurs (CRCi, i 
= 1 ... 8) pour la serie (Dai) de donnees d'utilisateur 

50 (DO... D2047) de la quantite predeterminee, et 
dans lequel des donnees de I'unite d'enregistre- 
ment sont generees en ajoutant le code de contr6le 
d'erreurs (CRCi, i = 1 ... 8) k des donnees associ6es 
de ia quantite predeterminee. 

55 

6. Le procede d'enregistrement de donn6es selon 
Tune quelconque des revendications 1 k5 t compre- 
nant en outre une etape consistant k identifier si le 
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support d'enregistrement est un support d'enregis- 
trement non reinscriptibie, et dans leque! si te sup- 
port d'enregistrement (4) est un support d'enregis- 
trement non reinscriptibie, les donnees d'unites 
d'enregistrement respectives (Si; i ... n ... N, N+1) 5 
sont gen6r§es en ajoutant le premier code correc- 
teur d'erreurs (Ci, Ei; i = 1 ... n ... N) et le second 
code correcteur d'erreurs (Pi, Qi) aux donn6es d'uti- 
tisateur (Dai) sur la base desquelles les premier et 
second codes correcteurs d'erreurs (Ei, Pi, Qi) ont 10 
e\6 genetes. 

Un precede de reproduction de donnees compre- 
nant les etapes suivantes : 

15 

(a) on reproduit des donnees d'une certaine 
unite d'enregistrement (Sn) k partir d'un sup- 
port d'enregistrement (4) sur lequel des don- 
nees d'unites d'enregistrement respectives (Si; 
i=1 ...n ... N, N+1) sont enregistrees.ces don- 20 
nees d'unites d'enregistrement respectives (Si; 
i=1 ...n ...N,N+1)6tantg6n6r6eseng6n§rant 
un premier et un second code correcteur d'er- 
reurs, dans lequel le premier code correcteur 
d'erreurs (Ei; i = 1 ... n ... N) est un code avec 25 
une distance minimale et est genete par une 
s6rie (Dai) de donnees d'utilisateur (DO ... 
D2047) d'une quantity predeterminee, et des 
premieres donnees deparite(P1 ... P36)du se- 
cond code correcteur d'erreurs (Pi, Qi) etant un 30 
code de controle de parity, les premieres don- 
nees deparite(P1 ... P36) du second code cor- 
recteur d'erreurs (Pi, Qi) sont g§nerees par la 
s§rie (Dai) de donnees d'utilisateur, et en outre 
des secondes donn6es de parite (Q2 ... Q4) du 35 
second code correcteur d'erreurs (Pi, Qi) sont 
gener6es sur la base des premieres donn6es 
de parity (P1 ... P36), dans lequel la distance 
minimaie du premier code correcteur d'erreurs 
(Ei) est telle qu'au moins une erreur des don- 40 
n6es d'utilisateur (Di) puisse etre corrigee, m§- 
mesitoutes les don n6esdu second codeur cor- 
recteur d'erreurs (Pi, Qi) sont erronees, on g6- 
nere des donn6es d'unites d'enregistrement 
respectives(Si;i=1 ...N, N+1) en ajoutant 45 
le premier code correcteur d'erreurs (Ei) aux 
donn6es d'utilisateur (Dai) sur la base desquel- 
les le premier code correcteur d'erreurs (Ei) a 
6t6 genere, et en ajoutant le second code cor- 
recteur d'erreurs (Pi, Qi) k des donn6es d'utili- so 
sateur (Daj; i = i+1) autres que les donn6es 
d'utilisateur (Dai) sur la base desquelles le se- 
cond code correcteur d'erreurs (Pi, Qi) a 6te ge- 
nere, et sepatees k la fois du premier code cor- 
recteur d'erreurs (Ei) et des donnees d'utilisa- 55 
teur (Dai) sur la base desquelles les premier et 
second codes correcteurs d'erreurs (Ei, Pi, Qi) 
ont ete g6n6r§s, 



(b) on detecte, sur la base du premier code cor- 
recteur d'erreurs (Ei) contenu dans les don- 
nees reproduites de I'unite d'enregistrement 
(Sn), si des donn6es peuvent ou non faire I'ob- 
jet d'une detection d'erreurs et d'une correction 
d'erreurs; 

(c) on effectue une detection d'erreurs et une 
correction d'erreurs sur ces donn6es si elles 
peuvent faire I'objet d'une detection d'erreurs 
et d'une correction d'erreurs; 

(d) on r6g6nere une information perdue sur la 
base du second code correcteur d'erreurs (Pi, 
Qi) correspondant aux donnees d'une certaine 
unite d'enregistrement (Sn) reproduites k partir 
de I'unite d'enregistrement avec le second code 
correcteur d'erreurs (Pi, Qi) concernant les 
donnees d'une certaine unite d'enregistrement 
(Sn), si les donnees ne peuvent pas faire I'objet 
d'une detection d'erreurs et d'une correction 
d'erreurs; 

(e) on effectue une correction par effacement 
des donn6es d'une certaine unite d'enregistre- 
ment (Sn) en utilisant I'information d'efface- 
ment et le premier code correcteur d'erreurs 
(Ei). 

8. Le procede de reproduction de donnees selon la re- 
vendication 7, comprenant en outre une etape (f) 
de controle d'erreurs de donn6esayant fait I'objet 
d'une detection d'erreurs et d'une correction d'er- 
reurs k I'etape (c), sur la base d'un code de detec- 
tion d'erreurs d'une unite d'enregistrement (Sn), le 
code de detection d'erreurs concernant des don- 
nees incluses dans son unite d'enregistrement (Sn) 
6tant ajoute aux donnees des unites d'enregistre- 
ment respectives (Si). 

9. Le procede de reproduction de donnees selon la re- 
vendication 8, dans lequel I'etape (d) est ex6cutee 
lorsqu'une erreur est detectee a I'etape (f). 

10. Leproc6de.de reproduction de do nn£es selon la re- 
vendication 7, comprenant en outre une etape (g) 
pour effectuer un controle d'erreurs de donnees 
ayant fait I'objet d'une correction d'erreurs par effa- 
cement k I'etape (e), sur la base du code de detec- 
tion d'erreurs de son unite d'enregistrement, ce co- 
de de detection d'erreurs pour des donnees inclu- 
ses dans son unite d'enregistrement etant ajoute 
aux donnees de cette unite d'enregistrement. 

1 1 . Le proc6d6 de reproduction de donn6es selon la re- 
vendication 7, dans lequel I'etape (d) est composee 
d'etapes de reproduction de donnees de la quantite 
correspondant k une unite d'enregistrement (Sn), k 
partir d'une unite d'enregistrement (Sn) dans la- 
quelle est inclus le second code correcteur d'er- 
reurs (Pi, Qi) correspondant aux donnees d'une cer- 
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taine unite d'enregistrement (Sn), de contrdle d'er- 
reurs de donnges reproduites de la quantite corres- 
pondant k une unite d'enregistrement, par le code 
de detection d'erreurs inclus dans les donnees re- 
produites de la quantite correspondant k une unite 
d'enregistrement, et de g6n6ration d'information 
d'effacement pour les donn6es d'une certaine unite 
d'enregistrement, par le second code correcteur 
d'erreurs (Pi, Qi) correspondant aux donn6es d'une 
certaine unite d'enregistrement, lorsqu'une erreur 
n'est pas d6tectee par le code d6tecteur d'erreurs. 

12. Un appareil de reproduction de donn6es 
comprenant : 

des moyens de reproduction pour reproduire 
des donn6es correspondant k une unite d'en- 
registrement (Sn) k partir d'un support d'enre- 
gistrement (4) dans lequel des donn&es d'uni- 
tes d'enregistrement respectives (Si; i = 1 ,.. 
n ... N, N+1 ) sont enregisttees, chaque donn6e 
d'unites d'enregistrement respectives (Si) 6tant 
g6n6r6e en g6n6rant un premier et un second 
code correcteur d'erreurs dans lesquels le pre- 
mier code correcteur d'erreurs (Ei; i = 1 ... n ... 
N) est un code avec une distance minimale et 
est g§n§re a partir d'une s6rie (Dai) de donnSes 
d'utilisateur (DO ... D2047) d'une quantite pr6- 
d6termin§e et des premieres donn6es de parite 
(P1 ... P36) du second code correcteur d'er- 
reurs (Pi, Qi) 6tant un code de controle de pa- 
rite, les premieres donn6es de parite (P1 ... 
P36) du second code correcteur d'erreurs (Pi, 
Qi) sont gen6r6es k partir de la serie (Dai) de 
donnees d'utilisateur, et en outre des secondes 
donnees de parite (Q2 ... Q4) du second code 
correcteur d'erreurs (Pi, Qi) sont g6n6tees sur 
la base des premieres donn§es de parite (P1 ... 
P36), dans lequel la distance minimale du pre- 
mier code correcteur d'erreurs (Ei) est telle 
qu'au moins une erreur des donn6es d'utilisa- 
teur (Di) peut etre corrig§e meme si toutes les 
donn6es du second codeur correcteur d'er- 
reurs (Pi, Qi) sont erron6es, g§n6rer des don- 
nees d'unites d'enregistrement respectives (Si) 
en ajoutant le premier code correcteur d'er- 
reurs (Ei) aux donnees d'utilisateur (Dai) sur la 
base desquelles le premier code correcteur 
d'erreurs (Ei) a 6te g6n6r6, et en ajoutant la se- 
cond code correcteur d'erreurs (Pi, Qi) k des 
donn§es d'utilisateur (Daj; i = i+1) autres que 
les donnees d'utilisateur (Dal) sur la base des- 
quelles le second code correcteur d'erreurs (Pi, 
Qi) a 6te gen6r6 et s6par6es k la f ois du premier 
code correcteur d'erreurs (Ei) et des donnees 
* d'utilisateur (Dai) sur la base desquelles les 
premier et second codes correcteurs d'erreurs 
(El, Pi, Qi) ont 6te g6n6r6s, 



des moyens de nrtemoire (67b) pour stocker les 
donndes reproduites correspondant au moins 
aux donn§es ptecitees de quantite pr6d6termi- 
n6e et aux autres donn6es de quantite pted6- 
5 terminge, 

des moyens correcteurs d'erreurs (60-64; 67c) 
pour d6tecter, sur la base des premiers codes 
correcteurs d'erreurs (Ei; I = 1 ... n ... N) conte- 
nus dans des donnees reproduites d'unite d'en- 
10 registrement, si des erreurs peuvent etre d6tec- 

tees et corrig6es ou non, detecter et corriger 
ces erreurs si les erreurs peuvent etre d6tec- 
tees et corrig6es, g6n6rer une information d'ef- 
facement sur la base du second code correc- 
ts teur d'erreurs (Pi, Qi) correspondant k des don- 
n6es d'une certaine unite d'enregistrement re- 
produites k partir d'une unite d'enregistrement 
qui contient le second code correcteur d'er- 
reurs (Pi, Qi) correspondant aux donn6es d'une 
20 certaine unite d'enregistrement, si les erreurs 
ne peuvent pas etre d&ectees et corrigges, et 
effacer et corriger les donn6es d'une certaine 
unite d'enregistrement en utilisant I'information 
d'effacement et le premier code correcteur d'er- 
25 reurs (Ei), et 

des moyens de sortie (70, 71, 3) pourfournir 
en sortie, les donnees dont les erreurs ont 6te 
corrigSes. 

30 13. L'appareil de reproduction de donn6es selon la re- 
vendication 12, dans lequel il est ajoute aux don- 
nees de I'unite d'enregistrement un code detecteur 
d'erreurs (CRCi, i = 1 ... 8) portant sur des donnees 
contenues dans I'unite d'enregistrement (Sn), et les 

35 moyens de correction d'erreurs effectuent un con- 
trole d'erreurs sur les donnees detectees et corri- 
gees, sur la base du code d&ecteur d'erreurs de 
leur unite d'enregistrement. 

40 14. L'appareil de reproduction de donnees selon la re- 
vendication 13, dans lequel les moyens correcteurs 
d'erreurs (60-64, 67c) genfcrent I'information d'effa- 
cement sur la base du second code correcteur d'er- 
reurs (PI, Qi) correspondant aux donn6es d'une cer- 

45 taine unite d'enregistrement (Sn) reproduites k par- 
tir d'une unite d'enregistrement (Sn) qui contient le 
second code correcteur d'erreurs (Pi, Qi) corres- 
pondant aux donn6es d'une certaine unite d'enre- 
gistrement (Sn), lorsque des erreurs sont d6tectees 

50 par le contrGle d'erreurs, et ils effacent et corrigent 
les donn6es d'une certaine unite d'enregistrement 
(Sn) en utilisant I'information d'effacement et le pre- 
mier code correcteur d'erreurs (Ei; i = 1 ... n ... N). 

55 15. L'appareil de reproduction de donn6es selon la re- 
vendication 12, dans lequel un code d§tecteur d'er- 
reurs pour effectuer une detection d'erreurs sur des 
donn§es contenues dans I'unite d'enregistrement 
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(Sn) est ajoute aux donnees de I'unite d'enregistre- 
ment (Sn), et les moyens correcteurs d'erreurs 
(60-64, 67c) effectuent un controle d'erreurs sur les 
donn6es effaces et corrigees sur la base du co- 
deur detecteur d'erreurs de I'unite d'enregistrement 5 
(Sn). 

16. L'appareil de reproduction de donnees selon la re- 
vendication 12, dans lequel les moyens correcteurs 
d'erreurs (60-64, 67c) effectuent un contrdle d'er- 10 
reurs sur les donnees de I'unite d'enregistrement 
(Sn) reprodultes k partlr d'une unite d'enregistre- 
ment (Sn) qui contient le second code correcteur 
d'erreurs (Pi, Qi) correspondant aux donnees d'une 
certaine unite d'enregistrement (Sn), avec le code 15 
detecteur d'erreurs contenu dans les donn6es re- 
produites de I'unite d'enregistrement (Sn), si des er- 
reurs ne peuvent pas etre detectees et corrigees, 

et g6nerent une information d'effacement pour les 
donnees d'une certaine unite d'enregistrement (Sn) 20 
sur la base du second code correcteur d'erreurs (Pi, 
Qi) correspondant aux donnees d'une certaine uni- 
te d'enregistrement (Sn) si des erreurs nesont pas 
detectees par les codes detecteurs d'erreurs. 

25 

17. Un appareil de reproduction de donnees selon I'une 
quelconque des revendications 12 & 16, compre- 
nant en outre : 

des moyens d'identif ication pour identifier (d ) 30 
si le support d'enregistrement (4) est un sup- 
port d'enregistrement non reinscrlptible sur le- 
quel sont enregisttees les donnees d'unites 
d'enregistrement respectives (Si; i = 1 ... n ... 
N, N+1) g6n6r§es en ajoutant le premier code 35 
correcteur d'erreurs (Ci, Ei; i = 1 ... n ... N) et le 
second code correcteur d'erreurs (Pi, Qi) aux 
donnees d'utilisateur (Dai) sur la base desquel- 
les les premier et second codes correcteurs 
d'erreurs (Ei, Pi, Qi) ont ete g§n§r6s. *o 

18. Un support d'enregistrement sur lequel sont enre- 
gisttees des donnees d'unites d'enregistrement 
respectives (Si; i = 1 ... n ... N, N+1), ces donnees 
d'unites d'enregistrement respectives (Si; i = 1 ... 
n ... N, N+1) etant g6n6r6es en 

(a) g6nerant un premier et un second code cor- 
recteur d'erreurs dans lesquels 

50 



(a2) les premieres donnees de parite 
(P1 ... P36) du second code correcteur 
d'erreurs (Pi, Qi) sont g6n6tees par la s6rie 
(Dai) de donn6es d'utilisateur, et en outre 
des secondes donnees de parite (Q2... 
Q4) du second code correcteur d'erreurs 
(Pi, Qi) sont g6n6r6es sur la base des pre- 
mieres donnees de parite (P1 ... P36), 
(a3) dans lesquels la distance minimale du 
premier code correcteur d'erreurs (Ei) est 
telle qu'au moins une erreur des donnees 
d'utilisateur (Di) peut etre corrigee meme 
si toutes les donnees du second codeur 
correcteur d'erreurs (Pi, Qi) sont erron6es, 

(b) en generant des donnees d'unites d'enre- 
gistrement respectives (Si; i= 1 ... — ... N, N+1) 
en 

(b1) ajoutant le premier code correcteur 
d'erreurs (Ei) aux donnees d'utilisateur 
(Dai) sur la base desquelles le premier co- 
de correcteur d'erreurs (Ei) a 6t6 g6nete, 
(b2) ajoutant ie second code correcteur 
d'erreurs (Pi, Qi) k des donnees d'utilisa- 
teur (Daj; i = i+1) autres que les donn6es 
d'utilisateur (Dai) sur la base desquelles le 
second code correcteur d'erreurs (Pi, Qi) a 
ete gen§r6, etsepatees a la fois du premier 
code correcteur d'erreurs (Ei) et des don- 
nees d'utilisateur (Dai) sur la base des- 
quelles les premier et second codes cor- 
recteurs d'erreurs (Ei, Pi, Qi) ont ete gene- 
res. 

19. Le support d'enregistrement selon la revendication 
18, dans lequel des donnees d'une seconde unite 
d'enregistrement (Sn+1) incluant le second code 
correcteur d'erreurs (Pi, Qi) et les donnees d'utilisa- 
teur (Daj; i = i+1) autres que les donn6es d'utilisa- 
teur (Dai) sur la base desquelles le second code 
correcteur d'erreurs (Pi, QI) a ete g§ner6, sont en- 
registtees k une position d'enregistrement qui suit 
immediatement une position d'enregistrement de 
donnees d'une premiere unite d'enregistrement 
(Sn) incluant le premier code correcteur d'erreurs 
(Ei) et les donnees d'utilisateur (Dai) sur la base 
desquelles le premier code correcteur d'erreurs (Ei) 
a ete g6n6re. 



(a1) le premier code correcteur d'erreurs 20. 
(Ei; i = 1 ... n ... N) est un code avec une 
distance minimale et est g£n§te par une 
s£rie (Dai) de donn6es d'utilisateur (DO ... 
D2047) d'une quantite pred6termin6e, et 55 
des premieres donnees de parite (P1 ... 
P36) du second code correcteur d'erreurs 
(Pi, Qi) etant un code de contrdle de parite, 



Un support d'enregistrement selon la revendication 
1 9, dans lequel des donnees de I'unite d'enregistre- 
ment (Sn) formees en ajoutant des donnees d'iden- 
tification en tant que donnees de la quantite pr6d6- 
terminee, sont enregisttees en relation avec le se- 
cond code correcteur d'erreurs (Pi, Qi) concemant 
les dernieres donnees de la quantite predeterminee 
dans une serie de donnees de la quantite ptedeter- 
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minee. 

21 . Un support d'enregistrement selon la revendication 
20, dans lequel des donneds ^identification sont 
ajoutees a des donnees de tete de la quantite pre- 5 
determined dans une serie de donnees de la quan- 
tite prddeterminee, en tant que second code correc- 
teur d'erreurs (Pi, Qi). 

22. Un support d'enregistrement selon la revendication 10 
18, dans lequel les donnSes des unites d'enregis- 
trement respectives (Si; i = 1 ... n ... N, N+1) con- 
tiennent un code de contrdle d'erreurs (CRCi, i = 

1 ... 8) concernant des donnees de la quantite pre- 
determined contenues dans leur unite d'enregistre- is 
ment (Sn). 

23. Un support d'enregistrement selon la revendication 
18, dans lequel le support d'enregistrement est 
constitue d'un support d'enregistrement remscripti- 20 
ble. 
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1=8 2 — 7 b 


P 1 3 


P 1 4 


8 




P 1 5 


P 1 6 


8 


i=66 — 59 


F 1 f 




8 




P 1 9 


P 2 0 


8 


i =50-43 


r> o 1 

Jr ^ J. 


P 2 2 


8 


i =42 — 35 


P 2 3 


P 2 4 


8 


i =34 — 27 


P 2 5 


P 2 6 


8 


i =26 — 19 


P 2 7 


P 2 8 


8 


i =18-11 


P 2 9 


P 3 0 


8 


i =10-3 


P 3 1 


P 3 2 




P1-P32 


Q 1 


Q 2 


Q 3 


Q 4 




P1-P32. 
Q 1 — Q 4 


Q 5 


Q 6 


Q 7 


Q 8 
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EP 0 729 150 B1 



F/G. 10 



( START ) 




L= LENGTH VALUfc.HNVALUE'OF ks2 
STARTING SECTOR NUMBERS | 




|. CALCULATE SYNDROMES 




ERASING AND 
CORRECTING 
ROUTINE 



MOD-2 ADDITION f^S7 




| CHECK DATA OF H SECTOR BY CRC | ^S9 




0 



( END J | SET FLAG 2 IN "OFF" STATE 



'S15 
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EP 0 729 150 B1 



F/ff. ft 



.ERROR ERASURl 
INFO. GENERATED? 



YES 



NO 



S16 







CHECK N SEC" 
BY 2ND ECC 


rOR DATA L 
OF N SECTOR! 


i 


| SET FLAG 1 


"ON" STATE 1 



ROM? 



S30 



S31 



M [ OUTPUT ERROR SIGNAL] 



I READ DATA OF N+1 SECTOR """| ^ S19 
I 

| CALCULATE SYNDROMES . j^S20 



"yes 



NO 



| CORRECT ERRORS BY MOP-2 ADDITION 1 



NO 



ERROR CORRECTION 
, ENDED? 

yes' 



| CHECK DATA Of N+t SECTOR BY CRC f ^S24 



YES 



ERROR DETECTED? 

| NO ^S25 

|SET FLAGS 1 AND 2 "ON " STATE^ e 

CHECK N SECTOR DATA BY 2ND s27 
ECC OF N+1 SECTOR 




I ADD ERROR ERASURE INFO. TO N SECTOR PATa| ^ S29 

™ 
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EP 0 729 150 B1 



f/G. /J 



ft 1 1 I 1 1 pftk 

1 NUMBER. 
OF LINES 


DATA 


PARITY 


7 


i = 1 3 0 — 1 24 


P 1 


P 2 


8 


i = 1 2 3 — 1 1 6 


P 3 


P 4 


7 


i = 1 1 5 — 1 0 9 


P 5 


P 6 


7 


i = 1 0 8 — 1 0 2 


P 7 


P 8 


p 


• — 1 n 1 * — Q A 


P 9 


P 1 0 


7 


i = Q ^ ~ 8 7 


P 1 1 


P 1 2 


7 


1 — O U O W 


P 1 3 


PI 4 




i =7 Q~7 2 


P 1 5 


P 1 6 


7 


i = 7 1 — 6 5 


P 1 7 


P 1 8 


7 


i — \J *± w> O 


P 1 9 


P 2 0 


8 


i = 5 7 — 5 0 


P 2 1 


P 2 2 


7 


i =49-43 


P 2 3 


P 2 4 


7 


i =42-36 


P 2 5 


P 2 6 


8 


i =35-28 


P 2 7 


P 2 8 


7 


i =2 7-2 1 


P 2 9 


P 3 0 


7 


i =2.0-1 4 


P 3 1 


P 3 2 


8 


i =1 3-6 


P 3 3 


P 3 4 


3 


i =5-3 


P 3 5 


P 3 6 




P1-P36 


Q 1 


Q 2 




PI— P36,Q1>Q2 


Q 3 


Q4 
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